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ACRONYMS 


The 

PANOIC 


WHAMMO 


following  acronyms  are  used  in  this  report: 

A  towed  source  experiment  in  the  Pacific 
conducted  in  the  summer  of  1977.  The  7 
digit  sequence  used  in  the  1979  towed 
source  experiment  was  the  same  as  that 
used  in  PANOIC.  The  digit  duration  was 
reduced  to  64  carrier  cycles  per  digit. 

Refers  to  an  augmented  linear  maximal 
sequence  based  transmission  that  is  used 
in  propagation  studies  performed  by  the 
Institute  for  Acoustic  Research. 
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1.  Introduction 


SGEN79  is  the  signal  generator  designed  for  use  in  the 
towed  source  experiment  conducted  during  June  of  1979.  The 
output  of  this  generator  can  be  made  up  of  the  sum  of  as 
many  as  six  switch  selectable  waveforms.  The  amplitude  of 
each  waveform  can  be  individually  adjusted.  The  unit 
provides  a  quiet  period  of  20  minutes  once  every  four  hours. 
Clock  timing  can  be  derived  from  an  internal  oven-controlled 
crystal  or  from  an  external  1  or  5  MHz  reference.  Self¬ 
metering  capabilities  are  provided. 

As  configured  for  the  June  experiment,  the  following 
waveforms  are  provided:  '' 

Channel  1..A  7  digit  linear  maximal  sequence  is  used  to 
phase  modulate  a  sinusoidal  carrier  using  CM  (+-45 
degrees)  modulation.  The  duration  of  each  digit 
corresponds  to  64  cycles  of  carrier.  The  sequence 
chosen  was  the  same  one  used  in  the  PANOIC-77 
experiment.  This  seven  digit  sequence  is  1001011. 

Channel  2.. A  512-digit  augmented  linear  maximal  sequence  is 
used  to  modulate  a  sinusoidal  carrier  using  CM  (+-45 
degrees)  modulation.  The  sequence  used  to  modulate 
the  carrier  is  the  one  used  by  the  Institute  for 
Acoustic  Research  in  their  WHAMMO  transmission.  The 
sequence  law  setting  on  the  BCSG-76  for  this  sequence 
is  01257. 

Channel  3.. A  255-digit  linear  maximal  sequence  is  used  to 
modulate  a  sinusoidal  carrier  using  biphase  (+-180 
degrees)  modulation.  The  duration  of  each  digit 
corresponds  to  250  cycles  of  carrier.  The  sequence 
law  setting  on  the  BCSG-76  for  the  seouence  used  is 
00455. 

Channel  4.. A  CW  sinusoid. 

Channel  5.. A  CW  sinusoid. 

Channel  6.. A  CW  sinusoid.  The  frequency  is  determined  by 
the  front  panel  selector  switch  setting.  Provision  is 
made  for  two  frequencies.  The  clock  divide  factors 
for  these  two  frequencies  must  be  preprogrammed  into  a 
ROM  contained  on  the  associated  waveform  generator 
board. 

The  carrier  frequencies  of  the  individual  channels  can 
be  set  to  values  in  the  range  of  31,250  Hz  to  3.125  Hz.  The 
frequencies  correspond  to  1  MHz  divided  by  32  times  an 
integer  in  the  range  of  1  thru  9999. 
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2.  Front  Panel  Description 

The  signal  generator  front  panel  is  shown  in  Figure 
2.1.  This  section  describes  the  function  of  the  indicators 
and  controls  on  this  panel. 


Figure  2.1.  SGEN79  Front  Panel 


AC/ON  Toggle  Switch 

This  switch  is  used  to  turn  on  and  off  the  line  power 
to  the  generator.  The  line  power  is  on  when  the  switch  is 
in  the  up  position. 

BAT/ON  Toggle  Switch 

This  switch  is  used  to  connect  the  backup  battery 
supply  to  the  uninterruptible  power  supply.  When  this 
switch  is  in  the  up  position,  the  battery  is  connected  and 
the  generator  is  powered.  Normally  this  switch  should  only 
be  in  the  up  position  when  the  AC/ON  switch  is  on.  The 
anticipated  battery  capacity  of  the  SGEN79  battery  supply  is 
from  one  to  two  hours. 

+5  LED 

This  indicator  indicates  when  the  +5  supply  is 
operating.  If  it  is  off,  it  is  very  likely  that  the  +5  volt 
supply  is  not  operational.  It  is  not  intended  to  be  able 
to  indicate  a  low  voltage  situation. 

+15  LED 

This  indicator  indicates  when  the  +15  supply  is 
operating.  If  it  is  off,  it  is  very  likely  that  the  +15 
volt  supply  is  not  operational.  It  is  not  intended  to  be 
able  to  indicate  a  low  voltage  situation. 


This  indicator  indicates  when  the  -15  supply  is 
operating.  If  it  is  off,  it  is  very  likely  that  the  -15 
volt  supply  is  not  operational.  It  is  not  intended  to  be 
able  to  indicate  a  low  voltage  situation. 

RUN/RESET  Toggle  Switch 

When  this  toggle  switch  is  in  the  down  (RESET) 
position,  the  generator  is  held  in  its  reset  state.  All 
internal  timing  is  suspended  and  the  outputs  of  any  enabled 
D/A  converters  are  at  their  maximum  values.  The  off  period 
timer  is  also  reset. 

While  the  generator  is  in  the  reset  state,  the  signal 
output  is  held  at  the  peak  negative  excursion  value  as 
determined  by  the  level  pot  settings. 

Placing  this  switch  into  the  up  (RUN)  position  allows 
normal  operation  to  start.  The  off  period  timer  starts 
operation  the  moment  the  switch  is  placed  into  the  RUN 
position.  The  first  off  period  will  be  3  hours  and  40 
minutes  from  this  time.  The  duration  of  the  off  period  will 
be  20  minutes.  Off  periods  repeat  every  four  hours 
(exactly) . 

EXT  RESET  IN  BNC  Connector 

This  connector  makes  provision  for  use  of  an  external 
signal  to  reset  the  generator.  To  use  this  input  first 
insure  that  the  RUN/RESET  toggle  switch  is  in  the  RUN 
position.  This  input  requires  a  standard  TTL  compatible 
drive.  A  pull-up  resistor  is  provided.  Grounding  the  input 
causes  the  unit  to  enter  the  reset  state.  This  state  is 
maintained  until  the  ground  condition  is  released.  The 
external  BNC  signal  may  then  be  removed  without  affecting 
the  unit. 

FREQ  ADJ  Potentiometer 

This  10-turn  pot  is  used  when  setting  up  the  operating 
frequency  of  the  internal  oscillator.  The  adjustment  range 
is  approximately  +-1  part  in  10*7.  The  use  of  this  pot  is 
described  in  the  section  entitled  "Setting  the  Internal 
Oscillator." 

CLOCK  SELECT  Rotary  Switch 

The  time  base  used  in  this  generator  can  come  from 
three  possible  sources.  These  include  an  internal  oven 
stabilized  oscillator,  an  external  5  MHz  source  or  an 
external  1  MHz  source.  It  is  anticipated  that  the  internal 
oscillator  will  normally  be  used. 


5  MHz  IN  BNC  Connector 


An  external  5  MHz  timing  signal  can  be  applied  here. 
This  signal  must  be  TTL  compatible. 

1  MHz  IN  BNC  Connector 

An  external  1  MHz  timing  signal  can  be  applied  here. 
This  signal  must  be  TTL  compatible. 

CHANNEL  ENABLE  Toggle  Switches  1-6 

Each  toggle  switch  turns  on  or  off  the  D/A  converter 
associated  with  the  indicated  channel.  A  switch  in  the  down 
position  turns  off  the  converter.  A  switch  in  the  up 
position  turns  on  the  associated  converter.  These  switches 
do  not  affect  the  timing  associated  with  the  waveform 
generation. 

The  switches  for  channels  1  and  2  are  wired  so  that 
when  both  are  in  the  up  position  an  alarm  will  sound.  This 
was  done  because  the  PANOIC  and  WHAMMO  signals  are  not  to  be 
run  at  the  same  time  due  to  transducer  power  limitations  and 
experiment  procedures  at  the  receiving  sites.  At  the  sites, 
only  one  of  these  signals  could  be  processed  at  a  given 
time. 


LEVEL  Potentiometers  1-6 

These  six  pots  are  used  to  adjust  the  levels  of  the 
associated  signals.  Rotating  clockwise  increases  the  signal 
level.  The  maximum  output  contribution  from  a  single 
channel  is  0.701  volts  rms. 

METER  Rotary  Switch 

This  switch  is  used  to  select  the  signal  to  be  applied 
to  the  metering  circuitry.  Positions  1-6  correspond  to 
channels  1  thru  6.  Position  0  corresponds  to  the  summed 
output  signal.  Channels  can  only  be  metered  if  they  are 
enabled. 

VOLTS/MV  Toggle  Switch 

This  switch  sets  the  meter  sensitivity.  The  meter 
display  contains  three  digits.  With  this  switch  in  the 
VOLTS  position,  the  display  is  in  volts  with  the  decimal 
point  following  the  left  most  digit.  With  this  switch  in 
the  MV  position,  the  display  is  in  millivolts  with  the 
decimal  point  following  the  right  most  digit. 

METER  Display 

This  is  a  three  digit  meter.  The  circuit  driving  it 
consists  of  a  full-wave  rectifier  followed  by  a  two-pole  low 
pass  filter.  It  is  calibrated  to  convert  average  ac 
sinusiod  levels  into  rms  values.  It  is  not  a  true  rms 


meter.  Although  the  display  has  three  digits,  it  is  not 
fully  accurate  to  that  degree. 

SELECTOR  A/E  Toggle  Switch 

This  switch  is  used  to  select  between  two 
possible  operating  frequencies  for  channel  6.  The  divide 
factors  for  the  two  frequencies  are  contained  in  a  ROM 
located  on  the  channel  6  waveform  generator  board.  The 
channel  6  frequencies  can  be  changed  by  inserting  new  ROMs 
which  have  been  programmed  with  the  desired  divide  factors. 
The  waveform  generator  board  for  channel  6  was  modified  in 
order  to  be  controlled  by  this  switch. 

ACTIVE  LED 

This  LED  is  lit  when  the  generator  is  actively 
producing  an  output  waveform  as  determined  by  the  settings 
of  the  channel  enable  toggle  switches.  It  is  off  when  the 
generator  is  in  a  20-minute  quiet  period  or  when  the 
generator  is  in  the  reset  state. 

QUIET  LED 

This  LED  is  lit  when  the  generator  is  in  the  20-minute 
quiet  period.  It  is  off  when  the  generator  is  in  its  active 
period  or  when  the  generator  is  in  the  reset  state. 

1  MHz  OUT  BMC  Connector 

A  1  MHz  TTL  compatible  square  wave  is  available  here. 
This  waveform  is  provided  for  use  in  adjusting  the  internal 
oscillator . 

lOOKHz  OUT  BNC  Connector 

A  100  KHz  TTL  compatible  square  wave  is  available 
here.  This  waveform  is  provided  for  use  in  adjusting  the 
internal  oscillator. 

SIG  OUT  BNC  Connectors 

These  two  BNC  connectors  are  wired  in  parallel.  The 
signal  produced  by  the  generator  is  available  on  these  two 
connectors.  The  generator  is  capable  of  driving  into  600 
ohms. 
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Operating  Procedure 


1.  Plug  the  unit  in  and  turn  on  the  AC  power. 

2.  If  the  unit  contains  a  battery  backup  supply,  turn  on 
the  BATTERY  switch.  This  places  the  backup  batteries 
into  the  circuit. 

3.  Set  the  CLOCK  SELECT  switch  to  choose  the  desired 
clock  source.  This  will  normally  be  the  INT  position. 
The  internal  oscillator  requires  approximately  20  to 
30  minutes  to  warm  up  and  stabilize  to  a  part  in  10“8. 
It  is  assumed  that  the  internal  clock  has  been 
previously  trimmed. 

4.  Place  the  RUN/RESET  switch  into  the  RESET  position. 
This  completely  resets  the  internal  timing  circuits 
and  holds  the  unit  in  the  off  state. 

5.  Place  the  6  CHANNEL  ENABLE  switches  in  the  down 
position.  This  turns  off  the  outputs  of  the  6 
internal  waveform  generators. 

6.  Place  the  SELECTOR  switch  into  the  A  or  B  position  as 
required . 

7.  At  a  convenient  time  (most  likely  at  the  start  of  an 

hour  divisible  by  4,  e.g.,  0400  or  1200)  place  the 

RON/RESET  switch  in  the  RUN  position.  This  enables 
the  internal  clocking  and  allows  the  output  waveforms 
to  be  generated.  The  first  off  period  will  be  3  hours 
and  40  minutes  from  the  time  at  which  the  switch  is 
moved  from  the  RESET  to  the  RUN  position.  Off  periods 
are  spaced  exactly  four  hours  apart. 

8.  Set  up  the  signal  levels  as  required  by  the  experiment 
plan. 

The  level  setup  can  be  performed  using  the  source 
transducer  monitor  (the  preferred  way)  or  using  the 
internal  metering  of  the  generator. 

Turn  on  the  channel  1  output  by  placing  the  channel  1 
ENABLE  toggle  switch  in  the  up  position.  Adjust  the 
channel  1  level  10-turn  pot  to  obtain  the  desired 
level  as  monitored  at  the  transducer  output  or  as  read 
on  the  generator  meter.  Return  the  channel  1  toggle 
switch  to  the  down  position.  The  meter  channel 
selector  switch  should  be  in  the  0  position  when 
.  making  this  adjustment.  Note  that  while  the  meter 
reads  to  three  significant  figures,  the  metering 
circuit  was  built  using  1  %  parts. 

Repeat  the  above  procedure  for  channels  2  thru  6. 
This  completes  the  setup. 
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9.  Turn  on  the  channels  required  for  the  current  segment 
of  the  experiment.  This  is  done  by  placing  the 
CHANNEL  ENABLE  toggle  switches  of  the  desired  channels 
into  the  up  position. 

If  an  attempt  is  made  to  enable  both  channels  1  and  2 
at  the  same  time,  an  alarm  will  sound.  The  procedure 
to  follow  when  switching  between  the  PANOIC  signal 
(channel  1)  and  the  WHAMMO  signal  (channel  2)  is  to 
first  place  both  the  channel  1  and  2  toggle  switches 
in  the  down  position  and  then  place  the  enable  switch 
of  the  desired  waveform  into  the  up  position. 


4.  Adjustment 

The  trim  adjustments  provided  in  the  generator  consist 
of  the  waveform  generator  boards'  gain  and  dc  offsets  and 
the  oven  stabilized  oscillator's  frequency. 

4.1  Setting  up  the  Waveformer  Boards 

Each  waveformer  board  has  two  adjustment 
potentiometers.  One  of  these  is  used  to  trim  the  output  D/A 
converter  gain,  and  the  other  is  used  to  trim  the  D/A 
converter  offset  voltage.  A  test  point  is  provided  at  the 
front  of  each  board  which  can  be  used  to  monitor  the  D/A 
converter  output.  A  top  view  of  the  waveformer  board 
showing  the  locations  of  the  trim  pots  and  the  test  point  is 
given  in  Fig.  4.1. 


Figure  4.1.  Adjustment  and  test  point  location 

Connect  a  digital  voltmeter  between  the  test  point  on 
the  board  being  adjusted  and  the  ground  of  the  +-15  volt 
supply.  Place  the  RUN/RESET  switch  on  the  generator  front 
panel  into  the  RESET  position  and  place  the  channel  select 
switch  for  the  board  being  adjusted  in  the  down  position. 
The  voltmeter  now  reads  the  dc  offset  voltage.  Adjust  the 
pot  closest  to  the  test  point  to  reduce  the  dc  offset  to  2 
millivolts  or  less.  Next  place  the  channel  select  switch 
for  that  board  in  the  up  position.  The  RUN/RESET  switch 
should  be  left  in  the  RESET  position.  The  D/A  converter 
output  is  now  at  its  maximum  value.  Adjust  the  gain  pot  to 
get  a  reading  of  4.971  volts. 

4.2  Setting  the  Internal  Oscillator 

The  internal  frequency  reference  is  an  oven  stabilized 
crystal  oscillator.  Two  adjustment  points  exist  for  this 
unit.  The  first  is  located  within  the  oscillator  itself. 
This  one  controls  the  oscillation  frequency  by  adjusting  the 
oven  temperature.  This  adjustment  has  a  wide  range  of 
tuning  capability;  however,  with  proper  care,  it  can  be  used 
to  set  the  operating  frequency  to  within  a  part  in  10*8. 
The  second  adjustment  is  via  a  10-turn  pot  mounted  on  the 
front  panel.  The  range  of  this  adjustment  is  about  2  parts 
in  10*7. 
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The  following  procedure  is  suggested  when  adjusting 
the  oscillator  frequency. 

1.  Apply  power  to  the  oscillator  and  allow  it  to 
temperature  stabilize  for  20  to  30  minutes.  The 
access  plug  located  on  top  of  the  oscillator  must  be 
in  place. 

2.  Synchronize  an  oscilloscope  to  an  external  1  MKz 
reference  and  display  the  1  MHz  output.  The  display 
will  appear  to  drift  left  if  the  oscillator  frequency 
is  higher  than  that  of  the  reference  and  will  drift  to 
the  right  if  it  is  lower  than  that  of  the  reference. 
The  rate  of  the  drift  indicates  the  relative  frequency 
offset.  One  cycle  in  1  second  at  1  Mhz  indicates  an 
offset  of  1  part  in  10*6.  If  it  takes  10  seconds  to 
drift  one  cycle  then  the  offset  is  1  part  in  10*7; 
100  seconds  to  drift  one  cycle  indicates  an  offset  of 
1  part  in  10*8. 

3.  Position  the  10-turn  pot  to  its  mid-range  position  and 
use  the  scope  to  estimate  the  frequency  offset  between 
the  oscillator  and  the  reference.  If  this  offset  is 
greater  than  about  +-1  part  in  10*7  then  it  will 
probably  be  necessary  to  make  an  initial  adjustment  of 
the  oscillator  oven. 

4.  To  adjust  the  oven,  remove  the  access  screw  and 
slightly  rotate  the  adjustment  screw  inside  the 
oscillator  module.  Rotating  this  screw  clockwise 
lowers  the  oscillator  frequency.  Replace  the  access 
screw  and  allow  5  to  10  minutes  for  the  oscillator  to 
restabilize.  After  an  adjustment  the  frequency 
increases  slightly  and  then  slowly  comes  down  to  the 
adjusted  value. 

Using  this  procedure  it  is  possible  to  set  the 
oscillator  to  at  least  1  part  in  10*8  in  about  30  to 
40  minutes. 

5.  Once  the  oscillator  has  been  brought  into  range  via 
the  oven  adjustment,  small  tweak  adjustments  can  be 
made  using  the  10  turn  pot  located  on  the  front  panel. 
Turn  the  pot  clockwise  to  increase  the  oscillator 
frequency. 
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5.  Internals 


The  generator  contains  five  major  subassemblies. 
These  are: 

Wire-Wrap  panel. 

This  panel  contains  the  sequence  generators  and  timing 
circuitry  for  the  four-hour  schedule.  It  also 
provides  the  interconnections  between  the  waveform 
generator  boards,  the  front  panel  and  the  power 
supply.  The  panel  is  a  60-position  AUGAT  model  8136- 
PG21-60  panel. 

Waveform  Generator  Boards 

The  input  to  these  boards  consists  of  a  1  MHz  clock 
and  a  phase  control  signal.  The  1  MHz  clock  is 
divided  by  a  four  digit  BCD  countdown.  The  output  of 
the  count  down  is  then  used  to  drive  a  divide-by-32 
counter.  The  states  of  the  divide-by-32  are  used  to 
address  a  read-only  memory  in  which  the  samples  of  one 
period  of  a  sine  wave  have  been  stored.  The 
amplitudes  of  the  samples  are  quantized  to  eight  bits. 
The  ROM  outputs  are  gated  to  the  D/A  converter  that 
generates  the  output  waveform.  The  frequency  of  the 
output  sinusoid  is  1  MHz  divided  by  32  times  the  BCD 
divide  factor. 

A  total  of  six  waveformer  boards  were  fashioned  into  a 
stack  and  were  mounted  next  to  the  wire-wrap  panel. 
The  individual  boards  were  connected  to  the  wire-wrap 
panel  using  16  conductor  ribbon  cables. 

The  board  for  channel  6  was  modified  by  the  addition 
of  a  pair  of  ROMS  which  were  used  to  select  between 
two  possible  divide  factors. 

Summer/Metering  Board 

This  board  accepts  the  outputs  of  the  six  level  adjust 
pots  and  sums  the  signals  to  generate  the  output 
waveform.  The  circuitry  used  to  generate  the  metering 
voltage  is  also  contained  on  this  board.  The  metering 
consisted  of  full  wave  rectifying  the  selected 
waveform  and  displaying  the  resulting  average  value. 
The  metering  is  not  true  rms. 

Oscillator 

The  oscillator  is  a  VECTRON  oven  stabilized  crystal 
oscillator  set  at  a  frequency  of  16  MHz. 

Power  Supply 

The  power  supply  was  to  be  a  Semiconductor  Circuits 
uninterrupible  supply  along  with  a  12-volt  battery 
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pack.  The  UPS  supplies  did  not  arrive  in  time  for 
inclusion.  A  Standard  Power  power  supply  was  used 
instead.  These  units  were  purchased  off  the  shelf  at 
a  local  distributer. 

The  layout  of  the  generator  internals  is  shown  in 
Figure  5.1.  This  figure  is  not  drawn  to  scale. 


P  »  fan  | 

Power 

Waveform 

Supply 

Board 

Stack 

Wire-wrap 

Battery 

Panel 

Pack 

_____ 

Summer/Metering 

I  -  ||  Board  || 

I  Pieter  |  || 

J 

Front  Panel 


Top  View 


Figure  5.1.  Generator  internal  component  layout 
5.1  Wire-Wrap  Panel 

This  panel  contains  the  circuitry  needed  to 

1.  distribute  +5  and  -5  volts  to  the  waveform  generator 
and  summer/meter ing  boards 

2.  implement  the  channel  enable,  run/reset  and  four-hour 
schedule  functions 

3.  generate  the  required  modulating  sequences 

4.  route  the  analog  output  signals  from  the  waveform 
generator  boards  to  the  level  adjustment  pots 

5.  divide  the  various  possible  clock  frequencies  to  1  MHz 


The  diagrams  describing  the  wire-wrap  panel  logic  are 
contained  in  Appendix  A. 

The  wire-wrap  panel  contains  three  binary  sequence 
generators. 
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The  first  is  a  ROM  based  generator  that  can  be  used  to 
generate  sequences  containing  as  many  as  32  digits.  The 
number  of  carrier  cycles  per  digit  is  hardwired  to  be  64. 
This  number  can  be  changed  to  values  in  the  range  of  1  thru 
256,  which  are  powers  of  2,  by  moving  one  wire.  In  order  to 
generate  the  PANOIC  sequence  the  ROM  contents  are 


Address 

00 

01 

02 

03 

04 

05 

06 


Contents 

00100001 

00000010 

00000011 

00100100 

00000101 

00100110 

00100000 


The  low  five  bits  select  the  next  address  to  be  read 
out  of  the  ROM.  The  sixth  bit  from  the  right  is  the 
sequence  bit  used  to  generate  the  current  digit.  The  top 
two  bits  are  not  used. 

The  second  generator  is  used  to  generate  the  so-called 
WHAMMO  signal.  This  is  an  augmented  linear  maximal  sequence 
containing  512  digits.  The  setting  on  the  BCSG-76  that  will 
generate  this  sequence  is  01257.  The  number  of  carrier 
cycles  per  digit  is  hardwired  to  be  four.  By  changing  one 
wire  the  number  of  cycles  per  digit  can  be  set  to  1,  2,  4,  8 
or  16. 

The  third  generator  produces  a  255-digit  linear 
maximal  sequence.  The  BCSG-76  setting  corresponding  to  this 
sequence  is  00455.  The  number  of  carrier  cycles  per  digit 
is  header  selected  and  can  be  any  value  in  the  range  of  1 
thru  999. 

The  four-hour  scheduler  consists  of  a  number  of 
cascaded  divide  chains.  First  the  1  MHz  clock  is  counted 
down  by  10*8  in  order  to  get  a  0.01  Hz  clock.  This  clock  is 
divided  by  12  to  provide  a  clock  that  ticks  every  20 
minutes.  The  20-minute  period  clock  is  divided  by  12  in 
order  to  get  a  clock  that  has  a  four-hour  period.  The  four- 
hour  counter  counts  in  20-minute  steps  from  0  to  11.  When 
the  counter  is  in  state  11,  the  waveform  board  outputs  are 
turned  off  giving  the  quiet  period.  The  counter  goes  from 
state  11  into  state  0  on  the  next  20-minute  tick. 

External  connections  are  made  from  the  wire-wrap  panel 
via  cables  listed  below: 


A01 

channel  1 

waveform  board 

B01 

channel  2 

waveform  board 

B02 

channel  3 

waveform  board 

B03 

channel  4 

waveform  board 

B04 

channel  5 

waveform  boards 

A27 

connects  ] 

power  to  the  summer/meter ing  board 

A30 

+-15  volt 

power  supply 
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AJ1  channel  selector  switches 

AJ2  level  adjust  potentiometers 

BJ1  miscellaneous  front  panel  functions 


5.2  Waveformer  Eoard  Description 

The  organization  of  the  waveform  generator  boards  used 
in  the  SGEN79  generator  is  shown  in  Figure  5.2.  {The  reset 
logic  is  not  included.)  Appendix  B  contains  the  diagrams 
that  describe  the  logic  contained  on  these  boards. 


qp/Down  n*C 


Figure  5.2.  Waveformer  board  organization 

The  input  clock  is  at  a  frequency  of  1  MHz.  This 
clock  is  divided  using  a  four-digit  BCD  counter.  The  count 
factor  is  settable  in  the  range  from  1  thru  9999.  The 
output  of  the  BCD  divider  drives  a  d ivide-by-32. 

The  divide-by-32  is  implemented  using  a  binary  up/down 
counter.  The  direction  of  count  is  determined  by  a  logic 
signal  originating  off  board.  The  five  bits  in  the  up/down 
counter  are  used  to  address  a  ROM.  This  ROM  contains  32  8- 
bit  samples  of  a  sine  wave.  The  counter  also  drives  a 
comparator.  When  the  count  matches  a  preset  value  (set  by  a 
header  or  dip  switch) ,  a  pulse  is  generated.  This  pulse  can 
be  used  to  drive  off-board  circuitry  which  counts  carrier 
cycles  and  generates  the  up/down  count  enabling  signal. 

The  clock  used  to  drive  the  divide-by-32  is  also  used 
to  drive  a  divide-by-8.  The  output  of  this  counter  is  at 
four  times  the  output  sinusoid's  carrier  frequency.  This 
feature  was  not  used  in  the  SGEN79  unit. 

The  ROM  output  is  connected  through  a  set  of  gates  to 
the  D/A  converter.  The  gates  are  used  to  turn  on  and  off 
the  output  without  affecting  the  timing  counts. 

The  contents  of  the  sinusoid  generating  ROM  are 
tabulated  below. 
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Addr 

Contents 

Addr 

Contents 

00 

01111111 

20 

10000001 

01 

01111101 

21 

10000011 

02 

01110101 

22 

10001011 

03 

01101010 

23 

10010110 

04 

01011010 

24 

10100110 

05 

01000111 

25 

10111001 

06 

00110001 

26 

11001111 

07 

00011001 

27 

11100111 

10 

00000000 

30 

00000000 

11 

11100111 

31 

00011001 

12 

11001111 

32 

00110001 

13 

10111001 

33 

01000111 

14 

10100110 

34 

01011010 

15 

10010110 

35 

01101010 

16 

10001011 

36 

01110101 

17 

10000011 

37 

01111101 

The  addresses  are  expressed  as  octal  numbers  and  the 
contents  as  binary  values. 

5.2.1  Board  Configuration 

The  waveform  generator  boards  are  assembled  together 
into  a  stack.  The  stack  is  connected1* to  the  wire-wrap  panel 
using  six  16  wire  cables.  The  signal  assignments  of  the  six 
boards  are: 

Bottom  board 

Signal  channel  2,  WHAMMO  transmission.  Modulation  is 
CM.  Connects  to  position  B01  of  the  wire-wrap  panel. 

Board  2  from  bottom 

Signal  channel  3,  sequence  transmission.  Modulation 
is  BM.  Connects  to  position  B02  of  the  wire-wrap 
panel . 

Board  3  from  bottom 

Signal  channel  4,  CW  signal.  Connects  to  B03  of  the 
wire-wrap  panel. 

Board  4  from  bottom 

Signal  channel  5,  CW  signal.  Connects  to  B04  of  the 
wire-wrap  panel. 

Next  to  top  board 

Signal  channel  6.  CW  signal.  Divide  factor  selected 
out  of  a  ROM  using  a  front  panel  switch.  Connects  to 
B05  of  the  wire-wrap  panel. 


Top  Board 

Signal  channel  1.  PANOIC  signal.  Modulation  is  CM. 
Connects  to  A01  of  the  wire-wrap  panel. 

5.2.2  Headers 

The  clock  divide  factor  settings  are  determined  by  the 
presence  and  absence  of  jumper  wires  mounted  on  headers. 
The  presence  of  a  wire  represents  a  logical  0  and  the 
absence  represents  a  logical  1.  The  divide  factors  are 
expressed  as  BCD  numbers.  The  divide  factor  can  range  from 
1  thru  9999.  Two  headers  are  used  to  set  the  divide  factor. 
Each  header  corresponds  to  two  BCD  digits  of  information. 
In  the  examples  below  the  divide  factors  read  from  bottom 
(most  significant  digit)  to  top  (least  significant  digit). 


divide  by  210 

divide  by  138 

divide  by 

1 - 16 

1 - 16 

• 

1 - 16 

2 - 15 

2 - 15 

• 

2 - 15 

3 - 14 

3 - 14 

• 

3  14 

4 - 13 

4  13 

• 

4 - 13 

5  12 

5  12 

• 

5  12 

6 - 11 

6  11 

• 

6  11 

7 - 10 

7 - 10 

• 

7  10 

8 - 9 

8 - 9 

• 

8 - 9 

1 - 16 

1  16 

• 

1  16 

2  15 

2 - 15 

• 

2 - 15 

3 - 14 

3 - 14 

• 

3  14 

4 - 13 

4 - 13 

• 

4 - 13 

5 - 12 

5 - 12 

• 

5 - 12 

6 - 11 

6 - 11 

• 

6 - 11 

7 - 10 

7 - 10 

• 

7 - 10 

8 - 9 

8 - 9 

• 

8 - 9 

The  modulation  angle  is  set  using  wire  jumpers  mounted 
on  a  single  dip  header.  The  presence  of  a  wire  indicates  a 
logical  1  and  the  absence  of  a  wire  indicates  a  logical  0. 


CM  mod 

1  16 

2  15 

3  14 

4  13 

5  12 

6  - 11 

7  10 

8  9 


BM  mod 

1  16 

2  15 

3  14 

4  13 

5  12 

6  11 

7  - 10 

8  9 
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5.3  Summer /Me ter ing  Board 

The  summer/metering  board  is  built  on  a  piece  of  perf 
board  which  is  mounted  on  the  back  of  the  SGEN79  front 
panel.  Time  did  not  allow  having  a  proper  printed  circuit 
board  made  for  this  circuit.  The  board  was  mounted  on  the 
back  of  the  front  panel  in  an  attempt  to  minimize  crosstalk 
between  the  analog  and  digital  parts  of  the  generator.  This 
attempt  was  largely  successful.  Appendix  C  contains  the 
diagrams  describing  the  circuits  contained  on  this  board. 

The  D/A  converter  outputs  of  the  waveform  boards  are 
connected  to  the  level  adjust  pots  located  on  the  front 
panel.  The  wipers  on  these  pots  feed  unity  gain  buffer 
amplifiers  on  the  metering  board.  The  buffers  are  used  to 
provide  low  impedance  signals  which  isolate  the  pot  settings 
from  loading  by  the  summer  amplifier  and  the  metering 
circuitry.  These  amplifiers  were  probably  unnecessary. 

The  buffer  amplifier  outputs  are  summed  together  using 
an  inverting  "amplifier"  with  a  gain  of  1/5.  This  value  of 
gain  allowed  the  outputs  of  the  6  channels  to  be  summed 
without  having  to  worry  about  the  output  amplifier  clipping. 
The  output  of  the  summer  amplifier  is  buffered  using  a 
complementary  symmetric  pair  of  transistors  inside  of  the 
feedback  loop. 

The  buffer  outputs  are  also  connected  to  a  rotary 
switch  that  is  used  to  select  channels  for  metering.  A  gain 
of  1/5  is  used  in  the  metering  circuitry  when  one  of  the 
individual  channels  is  to  be  metered.  This  was  done  to 
place  the  same  gain  on  the  individual  channels  as  on  the 
summed  waveform. 

The  waveform  selected  for  metering  drives  a  unity  gain 
amplifier  when  using  the  millivolt  range  and  a  gain  of  1/10 
amplifier  when  using  the  volt  range.  The  meter  amplifier 
output  is  ac  coupled  into  a  full  wave  rectifier.  The  output 
of  the  rectifier  is  low  pass  filtered  with  the  resulting 
output  driving  an  Analog  Devices  digital  panel  meter.  The 
low  pass  filter  was  implemented  using  a  Sell in-Key  two-pole 
low  pass  configuration  with  a  nominal  cut-off  frequency  of  2 
Hz. 


The  National  Semiconductor  LM308A  op  amp  was  used 
throughout  this  circuit  because  of  its  low  offset  voltage, 
low  bias  current  and  excellent  stability  properties. 

Connections  to  the  summer/meter ing  board  ares 

A2  power  from  wire-wrap  panel  position  A27 
A3  driver  transistors,  output  signal,  meter  connections 
El  channel  metering  rotary  selector  switch 

E2  channel  metering  rotary  selector  switch 

E3  level  adjust  potentiometer  wipers 
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Appendix  A:  Wire-Wrap  Panel  Diagrams 
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1  - 100ft - 16 

2  -  15 

3  -  14 

4  - 4.7K - 13 

5  - 100ft - 12 

6  -  - 11 

7 -  - 10 

8 - 4.7K -  9 


A17 


1  - 470ft - 16 

2  - 470ft - 15 

3  - 1.2K- - 14 

4  - -1.2K - 13 

5  - 470ft - 12 

6  11 

7  - 10K  - 10 

8  - 30pF -  9 

A21 


1  - 220ft - 16 

2  - 220ft - 15 

3  14 

4  13 

5  12 

6  11 

7  10 

8  9 


A23 


Appendix  B:  Waveformer  Board  Oiag 


I/O  Connector  pin  assignments: 

1  DAC  output 

2  +15  volts  input 

3  -15  volts  input 

4  ground 

5  ground 

6  ground 

7  ground 

8  ground 

9  1  MHz  clock  input 

10  cycle  end  pulse  output 

11  clear-  input 

12  output  enable+  input 

13  4  times  carrier  clock  output 

14  ground 

15  digit  phase  select  input 

16  +5  volts  input 


Modified  Waveformer  Board 


One  waveformer  board  was  modified  by  adding  two  82S23 
ROMs  and  two  dip  sockets  for  cable  connections.  The  ground 
was  removed  from  pin  14  of  the  I/O  socket.  Pin  14  was  then 
jumpered  to  pin  10  of  the  two  ROMs.  Pin  14  was  used  to 
select  one  of  two  control  words  programmed  into  the  ROMs 
that  were  to  select  the  divide  count. 


The  eight  open  collector  outputs  of  each  ROM  were 
wired  to  a  dip  socket.  These  sockets  were  positioned  so 
that  a  short  jumper  cable  allowed  ready  connection  between  a 
given  socket  and  one  of  the  two  sockets  provided  for  setting 
the  BCD  divide  digits.  Pin  assignments  were  chosen  to  allow 
the  ROM  outputs  to  set  the  divide  factor.  The  pin 
assignments  used  on  each  ROM  were: 


1  cable  pin  16 

2  cable  pin  15 

3  cable  pin  14 

4  cable  pin  13 

5  cable  pin  12 

6  cable  pin  11 

7  cable  pin  10 

8  ground 


16  +5  volts 
15  ground 
14  ground 
13  ground 
12  ground 
11  ground 
10  ground 
9  cable  pin  9 
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Appendix  C:  Summer/Meter ing  Board  Diagrams 
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Appendix  D:  Cable  Pin  Assignments 
Wire-wcap  Panel  Connectoc  AJl 


Connection 


Channel  1  toggle  switch  top  lug 
Channel  2  toggle  switch  top  lug 
Channel  3  toggle  switch  top  lug 
Channel  4  toggle  switch  top  lug 
Channel  5  toggle  switch  top  lug 
Channel  6  toggle  switch  top  lug 
No  connection  (contains  MANUAL-) 

Reset  toggle  switch  top  lug  and  external 
reset  BNC  center 
Reset  toggle  switch  bottom  lug 
A  -  B  selector  toggle  switch  meter  side  lug 
Clock  selector  rotary  switch  INT  position 
Clock  selector  rotary  switch  5MHz  position 
Clock  selector  rotary  switch  1  MHz  position 
Channel  1  toggle  switch  center  lug 
Channel  2  toggle  switch  center  lug 
Channel  3  toggle  switch  center  lug 
Channel  4  toggle  switch  center  lug 
Channel  5  toggle  switch  center  lug 
Channel  6  toggle  switch  center  lug 
No  connection  (contains  ground) 

Reset  toggle  switch  center  lug  and  reset  BNC 
grounding  lug 

Reset  toggle  switch  center  lug 
A  -  B  selector  toggle  switch  center  lug 
Common  terminal  on  clock  selector  rotary  switch 

Common  terminal  on  clock  selector  rotary  switch 

Common  terminal  on  clock  selector  rotary  switch 


Wire-wrap  Panel  Connector  AJ2 


Connection 


Channel 

Channel 

Channel 

Channel 

Channel 

Channel 

free 

free 

free 

free 

free 

free 

free 

Channel 

Channel 

Channel 

Channel 


1  Vlevel 

2  level 

3  level 

4  level 

5  level 

6  level 


adjust  pot, 
adjust  pot, 
adjust  pot, 
adjust  pot, 
adjust  pot, 
adjust  pot. 


lug  closest 
lug  closest 
lug  closest 
lug  closest 
lug  closest 
lug  closest 


to  panel 
to  panel 
to  panel 
to  panel 
to  panel 
to  panel 


1  level  adjust  pot, 

2  level  adjust  pot, 

3  level  adjust  pot, 

4  level  adjust  pot. 


back  lug  (non  wiper) 
back  lug  (non  wiper) 
back  lug  (non  wiper) 
back  lug  (non  wiper) 
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18 

Channel 

19 

Channel 

20 

free 

21 

free 

22 

free 

23 

free 

24 

free 

25 

free 

26 

free 

5  level  adjust  pot, 

6  level  adjust  pot, 


back  lug  (non  wiper) 
back  lug  (non  wiper) 


Wire-wrap  Panel  Connector  BJ1 
Pin  Connection 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 


1  MHz  clock  output  BNC  center  pin  thru  100  ohms 

100  KHz  clock  output  BNC  center  pin  thru  100  ohm 

Vectron  oscillator  clock  output  pin  1 

5  MHz  clock  input  BNC  center  pin 

1  MHz  clock  input  BNC  center  pin 

Anode  of  +15  LED 

Cathode  of  -15  LED 

Anode  of  +5  LED 

Anode  of  ACTIVE  LED 

Anode  of  QUIET  LED 

Cathode  of  ACTIVE  LED 

Cathode  of  QUIET  LED 

free 

1  MHz  clock  output  BNC  ground  lug 
100  KHz  clock  output  BNC  ground  lug 
Vectron  oscillator  pin  5 
5  MHz  clock  input  ground  lug 
1  MHz  clock  input  ground  lug 
Cathode  of  +15  LED 
Anode  of  -15  LED 
Cathode  of  +5  LED 
No  connection  (contains  ground) 

No  connection  (contains  ground) 

No  connection  (contains  ground) 

No  connection  (contains  ground) 

No  connection  (contains  ground) 


Adder/Meter  Board  Connector  A2 
Pin  Position 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


free 

+15  volts 

-15  volts 

ground 

ground 

ground 

ground 

ground 

free 

free 


-38- 


11 

free 

12 

free 

13 

free 

14 

free 

15 

free 

16 

+5  volts 

Note:  This  is  a  ribbon  cable  that  connects  to  the 

wire-wrap  panel  at  position  A27. 


Adder/Meter  Board  Connector  A3 
Pin  Connection 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 


Emitter  of  2N3904  (NPN) 

Base  of  2N3904 

Collector  of  2N39C4  (also  +15  volts) 

Meter  pin  1 
Meter  pin  2 
Meter  pin  3 
Meter  pin  4 

Both  signal  output  BNC  connectors,  center  pin 
Both  signal  output  BNC  connectors,  ground  lug 
Meter  pin  E 
free 

Meter  pin  B 
Meter  pin  C 

Collector  of  2N3906  (also  -15  volts) 

Base  of  2N3906 
Emitter  of  2N3906  (PNP) 


Adder/Meter  Board  Connector  El 
Connection 


No  connection  (contains  ground) 

No  connection  (contains  ground) 

No  connection  (contains  ground) 

No  connection  (contains  ground) 

No  connection  (contains  ground) 

No  connection  (contains  ground) 

No  connection  (contains  ground) 

Center  of  Volt/MV  switch,  pole  2 

Pot  side  of  Volt/MV  switch,  pole  2 

Meter  side  of  Volt/MV  switch,  pole  2 

Center  of  Volt/MV  switch,  pole  1 

Pot  side  of  Volt/MV  switch,  pole  1 

Meter  side  of  Volt/MV  switch,  pole  1 

Meter  select  rotary  switch  wiper,  pole  1 

Meter  select  rotary  switch  positions  1-6,  pole  1 

Meter  select  rotary  switch  position  0,  pole  1 


Adder/Meter  Board  Connector  E2 


Connection 


No  connection  (contains  ground) 

No  connection  (contains  ground) 

No  connection  (contains  ground) 

No  connection  (contains  ground) 

No  connection  (contains  ground) 

No  connection  (contains  ground) 

No  connection  (contains  ground) 

Meter  select  rotary  switch  position  0,  pole  2 
free 

Meter  select  rotary  switch  wiper,  pole  2 

Meter  select  rotary  switch  position  6,  pole  2 

Meter  select  rotary  switch  position  5,  pole  2 

Meter  select  rotary  switch  position  4,  pole  2 

Meter  select  rotary  switch  position  3,  pole  2 

Meter  select  rotary  switch  position  2,  pole  2 

Meter  select  rotary  switch  position  1,  pole  2 


Adder/Meter  Board  Connector  E3 
Connection 

Channel  1  level  adjust  pot,  back  lug  (non  wiper) 

Channel  2  level  adjust  pot,  back  lug  (non  wiper) 

Channel  3  level  adjust  pot,  back  lug  (non  wiper) 

Channel  4  level  adjust  pot,  back  lug  (non  wiper) 

Channel  5  level  adjust  pot,  back  lug  (non  wiper) 

Channel  6  level  adjust  pot,  back  lug  (non  wiper) 

No  connection  (contains  ground) 

No  connection  (contains  ground) 

free 

free 

Channel  6  level  adjust  pot,  wiper 
Channel  5  level  adjust  pot,  wiper 
Channel  4  level  adjust  pot,  wiper 
Channel  3  level  adjust  pot,  wiper 
Channel  2  level  adjust  pot,  wiper 
Channel  1  level  adjust  pot,  wiper 


Vectron  Oscillator  Connector 
Connection 

Goes  to  BJ1  pin  3  on  wire  wrap  panel 

Connect  to  pin  3  on  this  connector  thru  100  ohms 

Connect  to  pin  2  and  logic  power  ground 

Connect  to  +5  logic  supply 

Goes  to  BJ1  pin  16  on  wire  wrap  panel 

20K  frequency  adjust  pot,  lug  close  to  front  panel 

20K  frequency  adjust  pot,  wiper  lug 

20K  frequency  adjust  pot,  lug  at  back 


Appendix  Ei  Data  Sheets 

This  appendix  contains  the  following  data  sheet 
Analog  Devices  AD2026  Digital  Panel  Meter 
Analog  Devices  AD561  10  bit  Monolithic  D/A  Converter 

National  Semiconductor  LM308A  Operational  Amplifier 
National  Semiconductor  LM741  Operational  Amplifier 
Vectron  Laboratories  C0211  Oven  Stabilized  Oscillator 


Wm  ANALOG 
LS  DEVICES 


Low  Cost  3  Digit 
Analog  Pane!  Meter  Replacement 


FEATURES 

Third  Generation  l*L  LSI  Design 

Small  Size  and  Weight:  3.4"IV  x  2.0"H  x  0.8  "D;  1.8  Ounces 
Snap-In  Mounting.  No  Hardware  Required 
Low  Power:  +5V  at  0.6  Warn 
Balanced  Differential  Input 
High  Reliability:  >250.000  Hour  MTBF 
Low  Cost:  $34  in  100s 
S29  in  1000s 


GENERAL  DESCRIPTION 

The  AD2026  is  specifically  designed  to  provide  a  digital  alter 
native  to  analog  panel  meters.  Most  of  the  analog  and  digital 
circuitry  is  implemented  on  a  single  proprietary  1 7  \.  LSI  chip 
Only  13  additional  electrical  components  are  required.  The 
complete  DPM  is  mounted  on  a  single  3"  x  1  5/8"  PCB.  A 
unique  case  design  iparent  applied  for)  utilizes  molded-in  fin¬ 
gers.  both  to  capture  the  PCB  in  the  case  and  to  provide  snap- 
in  mounting  of  the  DP.M  in  a  standard  panel  cutout.  No  mount 
inj»  hardware  of  any  kind  is  used.  The  DPM  occupies  less  than 
1  of  space  beh  i  nd  th  e  panel. 

EXCELLENT  PERFORMANCE 

The  AD2026  is  not  a  conventional  DPM  stripped  down  to 
achieve  a  low  price.  It  offers  the  instrument  designer  digital 
accuracy,  resolution  und  ease  of  readout,  while  occupying  less 
volume  than  its  analog  counterpart.  Other  features  of  analog 
meters,  such  as  reliability  and  instantaneous  operation,  are  re¬ 
tained  in  the  AD2026.  Features  usually  not  required  in  display¬ 
ing  measurement  results  in  instruments,  such  as  full  bipolar 
input.  100%  overrange,  rejection  of  normal  mode  signals,  and 
true  auto  zero,  have  been  eliminated  to  achieve  a  reliable,  yet 
low  cost  design. 

The  AD2026  measures  and  displays  inputs  from  -99mV  u» 
♦999,-nV,  with  an  accuracy  of  U.1%  of  reading  ±1  digit.  Zcto 
shift  is  less  than  one  bit  over  the  full  operating  temperature 
range,  resulting  in  the  same  performance  as  a  DPM  with  auto 
zero.  The  balanced  differential  input  rejects  common  mode 
voltages  up  to  2lM>mV.  enough  to  eliminate  most  ground  loop 
problems. 

Automatic  polarity  indication  is  provided  by  using  the  third 
digit  to  indicate  negame  inputs  Automatic  overrange  indica 
tion  for  inputs  greater  than  ♦999mV  is  displayed  as  FEE,  and 
for  inputs  greater  than -99mV.  as 

•PATENT  APPLIED  FOR 

ln»0',nat.O'S  l«rfl*lH»(J  b/  Ar  i'o^  Dev*.*;.  <s  h»?li**v*,*tJ  |<,  b«*  arcu'jt** 
and  rei.atrf*  Ho*«v»f,  no  »espon>. *  jswWrfJ  by  Analog  D*.*v<<**-. 
fO'  its  u*.*.  no'  fO»  any  f r.r.q-ro- f  o'  fir  Oth*»r  ncjhfi  <jl  Th-'d 

*s*TiClt  mjy  reiulf  l^o/n  «M  us v  No  hy  im;>ht .» 

bon  o*  oth trMHttf  undvr  an/  pat *«t  or  pj:*mi  n;ji»t%  o<  Analog  Dev.c*»-. 


Reliability  is  assured  by  a  low  component  count  (14).  low 
internal  heat  rise  (10  C).  and  extensive  factory  testing  and 
quality  control  procedures,  including  168  hours  of  failure  free 
burn*iti.  Ml  BE  is  260,000  hours  at  ♦25°C. 

PACKAGE  AND  INTERCONNECT 

The  AD2026  uses  a  new  case  and  iens  which  assemble  without 
hardware  A  series  of  fingers  molded  as  part  of  the  case  capture 
the  PCB  and  permit  snap-in  mounting  of  the  DPM  in  the  front 
panel  cutout.  The  lens  has  intentionally  been  left  devoid  of 
markings  to  permit  the  user  to  individualize  the  DPM  with  his 
logo,  measurement  information,  styling  touches  and  other  pro¬ 
prietary  data 

Connection  to  the  AD2026  is  made  via  Pins  1  through  5  and 
A  through  E.  Pins  6,  7.  F  and  H  arc  not  normally  used  (see 
Pm  Connection  Table).  A  suitable  connector  is  the  T  &  B/Ansley 
609-1001M  or  the  Berg.  3M  or  Spectra  Strip  equivalents.  This 
type  of  connector  allows  fast  crimp  connection  to  ribbon 
cable.  The  Berg  47745  corrector  or  the  Amp  equivalent  offers 
convenient  crimping  to  individual  insulated  wires. 

DESIGNED  AND  BUILT  FOR  QUALITY  AND  RELIABILITY 
The  AD2026  uses  the  proven  dual  slope  integrating  A/D  con¬ 
version  technique.  All  ana'.og  and  digit  a)  circuitry  with  the  ex¬ 
ception  of  the  integrating  capacitor  and  the  components  assoc¬ 
iated  with  decoding  and  drrving  the  LED  display  are  integrated 
on  a  single  proprietary  V  L  LSI  chip.  As  a  result,  the  total  DPM 
consists  of  14  electrical  components  and  the  normally  conflict¬ 
ing  objectives  of  low  cost  :nd  high  reliability  are  both  achieved. 
Further,  the  manufacturing  process  is  designed  for  achieving 
the  economics  of  high  vosumv.  while  at  the  same  time,  exten¬ 
sive  testing,  both  in  procw  ar.d  following  final  assembly,  assures 
that  the  reliability  potent. a’,  of  the  product  is  achieved  in  prac¬ 
tice 


Rout*  1  Industrial  Park;  P  O.  Box  280;  Norwood,  Mass.  02062 
Tel:  617/3294700  TWX:  710/394  6577 

West  Coast  Mid  West  Texas 

213/595  1783  312  394  3300  214/231*5094 
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l>i>Pl.AY  OL  tPUl 

•  Light  em-tttng  JuiJc.  plin»r  vcvtn  segment  display  rraJ 
•till,  0  5  (I  3mm  i  high  for  three  di(4  digits 

•  O* fN -id  Indica;  »n  EE) 

•  Negative  Indication  -\.\ 

•  Negative  Overload  Indication - 

•  Dec  !?ij!  PotM*  three  (I)  selectable  at  input  connector 

ANALOG  INPUT 

•  Car.fig-rajton  Limited  bipolar,  balanced  differential 
input 

•  Fa!.  Scale  Range  -99m  V  to  *999mV 

•  .V-*2ma:*c  Poiarty 

•  Ir.yut  Impedance  lOOMfi 

•  B.h  C-rrent  1 1  OmA 

•  Overvoltage  Protection  ±  1 5  VDC,  sustained 
ACCL  RACY 

•  :  ,t!  d:i.t' 

•  Res  nation.  ItnV 

•  Temperature  Range2  -10*C  to  +60* C  operating;  -25*C 
to  *50  C  storage 

•  Temperature  Coefficient-  Gam:  50ppm/*C 

Zero:  10iaV/*c  (essentially 
auto  cero) 

•  Ham-L'p  Time  tv  Rated  Accuracy;  Instantaneous 

•  Setting  Time  to  Rated  Accuracy:  0.3  second  for  full 
input  voltage 

COMMON  MODE  REJECTION  ( lktt  source  imbalance.  DC 
to  1kHz) 

•  SOdfl 

COMMON  MODE  VOLTAGE 

•  ±200mV 

"conversion  rate 

•  4  conversions  per  second 

•  Hold  and  read  on  command 

CONTROL  INPUTS  ... 

Disgla.  P  v.kmg'Disjlay  Power  Input:  The  display  of  the 
AD2026  can  be  blanked  by  removal  of  power  to  the  display 
power  input,  with  nc  effecr  on  conversion  circuitry.  It  ex¬ 
ternal  logic  switching  is  used,  the  display  requires  1 10mA 
peak  (85mA  average)  when  illuminated. 


(told  When  the  Hold  input  n  at  Logic  “O".  grounded  i  r 
open  urcun.  the  AD ’02 6  will  convert  at  4  conversion v 
second  If  a  voltage  of  0  6  to  2  4  V  is  applied  to  this  inf.:. 
the  DPM  will  sti'p  converting  and  holJ  the  last  leading  \ 

!2kfi  rest >t or  in  series  w  ith  this  input  to  *5V  will  prov  ae 
the  proper  voltage  input. 

DECIMAL  POINT 

•  lo  illummaie  decimal  points,  ground  appropriate  f  j: 
iA,  B  or  3) 

POUT  K  l\PUTS 

•  Converter.  *5V  ±$'*#.  0.2  watts  tvp;  0  33  watts  mas 

•  Display  *$V  ±40“..  0.45  watts  typ  .0.75  watts  max 

CAl.lKRATtON  ADJUSTMENTS 

•  Gain 

•  Zero 

•  Recommended  recalibration  interval :  six  months 
SIZE 

•  5.4 3^W  *  2.0*’H  x  0  8S"D  (87  x  52  x  22mm) 

4  0.88  (2 2mm)  overall  depth  to  rear  of  connector 

•  Panel  cutout  required  J  175  ±0  01  j"  x  1  810  ±0.015" 

(80.65  ±0  38  x  45.97  *0.38nm) 

height 

•  1.8  ounces  ( 5  3  grams) 

CONNECTOR 

A  )0p>n  T  if  B/Andey  609-1001M  with  two  fset  of  1C- 
conductor  ribbon  cable  is  available.  Order  AC*6l8  at  S3  00 
each. 

NOTE  Conductor  to  pin  A  is  color  coded  dark  blue 

Sequence  of  ribbon  connections  is  A,  i,  B.  2.  C  3.  etc 

PRICING 

$49  (1-9).  $34  ( lOOj).  $29  (1000*) 

Substantial  OEM  discounts  available 


*  Guaranteed  at  »2SsC.  and  nominal  supply  voUapc 
1  Guaranteed 

*When  the  same  power  supply  it  uveJ  to  power  both  display  anc 
converter.  »5V,  *3%.  0.65  watt*  typical.  0.9  wan*  max  is  require*. 
Specifications  subject  to  change  without  notice. 


OUTLINE  DIMENSIONS  AND  PIN  CONNECTIONS 

Dimensions  shown  in  inches  and  (mm). 


'■  Y  L 


WIRING  CONNECTIONS 


A",a,T  I 

- - -  «  *•  - -i— 

r  mm. 


’1* 


«iia*.Cf0  C<**t  M>T«ai  Cornwct  te  Aurora  at  pw  «t>o««  for  rta'anced  d.fi«re<tr  >  -a  .*  a*  w  ,»/> 
-uvl-kxjp  Mjsr  aro.wfv  ((•lu.noiin  *n.  ‘I,  S*«  l,Si<  rvi,!«w 

AOitji  Saint >0o*::  Caution  TemCo*-.  v-.;,  .. 

*.»<1 1  »’<  c  ewtl  not  t.citH  JOOrriV 

f  *’t  •‘•At  SC*  VINO  SIS  f0l»S  c*«  Be  cnnrwc'wt  Aim  «  7  awl  « 

w**  '  S  M  twew.ja  A**o|  '"Out  w*un  teolm^ »•»,«<»»»  «nn  Sin  4  when  the*  «  .  •  >«  ^ 

m  v :»  l*aat  m  #ii*te»  caw 

SiNGlf  *N0t  D  ISAUf  fo»  t«*pe  WM  ••'put.  *©»•««*  C  te  Ai*t  ( 


FUNCTION 

•  Sv  fww  __ 

^  *5v  O'tpl/v 

1  b*c->-ji  •**»•«» »» 

•  'But  lWf«*  Sce.-t 
I  *ti.ttnn  N*t  u«4' 

.  I  Sul  iWSsn  fcV  'J 

A.v.tom  Aft  UvrA 1  _ 

,  V'.n  Amu  a<  5r»*  <>4  j 

;  A-t.tin»  0-».<w. _ I 

V.e«  A<«r>  <>*  Sr  •' "S  I 
.  A«..t>o>  pi»wfr»  | 


tf'N  A  FUNCTION 
a  .  Pscyw.il  f«^*J 
a  0k«MI  br"  1 


C  ^  AnaUnG«w"«,_ 

"T*  I  jriirflt  Arm  Sc.rf  ^  : 

_  4 

H*  .  9»«"»  Am»>  0*  U  r 

_ _ 1  A-fctlor  n-.  *«• _ I 


XHIS  PA32  IS  BS3T  ^AL-ITt 
i’K'UM  Goi’X  i  '  ’  -  ■  ■ 
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PHlNTEO  IN  U.S.A. 


ANALOG 

DEVICES 


PRELIMINARY  TECHNICAL  DATA 

FEATURES 

Low  Cost  (39.95  in  100's.  AD561 J) 

Complete  Current  Output  Converter 
High  Stability  Buried  Zener  Reference 
Laser  Trimmed  to  High  Accuracy  (1/4LSB  Max  Error, 
AD561K,  T) 

Trimmed  Output  Application  Resistors  for  0  to  +10,  ^5 
Volt  Ranges 

Fast  Settling  —  250ns  to  1/2LSB 

Guaranteed  Monotonicity  Over  Full  Operating  Temperature 
Range 

TTL/DTL  and  CMOS  Compatible  (Positive  True  Logic) 
Single  Chip  Monolithic  Construction 
Hermetically 'Sealed  Ceramic  DIP  (All  Grades) 

PRODUCT  DESCRIPTION 

The  AD561  is  an  inregrated  circuit  10-bit  digital-to-analog 
converter  combined  with  a  high  stability  voltage  reference 
fabricated  on  a  single  monolithic  chip.  Using  10  precision  high 
speed  current -steering  switches,  a  control  amplifier,  voltage 
reference,  and  laser-trimmed  thin-film  SiCr  resistor  network, 
the  device  produces  a  fast,  accurate  analog  output  current. 
Laser  trimmed  output  application  resistors  are  also  included  to 
facilitate  accurate,  stable  current -to- voltage  conversion;  they 
are  trimmed  to  0.1%  accuracy,  thus  eliminating  external  trim¬ 
mers  in  many  situations. 

Several  important  technologies  combine  to  make  the  AD561 
the  most  accurate  and  most  stable  10-bit  DAC  available.  The 
low  temperature  coefficient,  high  stability  thin-film  network 
is  trimmed  at  the  wafer  level  by  a  fine  resolution  laser  system 
to  0.01%  typical  linearity.  This  results  in  an  accuracy  specifica¬ 
tion  of  ±1/4LSB  max  for  the  K  and  T  versions,  and  1/2LSB 
max  for  the  J  and  S  versions. 

The  AD561  also  incorporates  a  low  noise,  high  stability  subsur¬ 
face  zener  diode  to  produce  a  reference  voltage  with  excellent 
long  term  stability  and  temperature  cycle  characteristics  which 
challenge  the  best  discrete  zener  references.  A  temperature 
compensation  circuit  is  laser-trimmed  to  allow  custom  correc¬ 
tion  of  the  temperature  coefficient  of  each  device.  This  results 
in  a  typical  full-scale  temperature  coefficient  of  15ppm/°C;  the 
T.C.  is  tested  and  guaranteed  to  30ppm/°C  max  for  the  K  and 
T  versions,  60ppm/°C  max  for  the  S,  and  80ppm/°C  for  the  J 
All  grades  are  packaged  in  a  16-pin  hermetically-sealed  ceramic 
dual-in-line  package.  The  AD561J  and  K  versions  are  specified 
for  operation  over  the  0  to  +70  C  temperature  range,  the 
AD561S  and  T  for  operation  over  the  full  military  temperature 
range  from  -55  C  to  ♦125  C. 


Low  Cost  10-Bit 
Monolithic  D/A  Converter 


1 


PRODUCT  HIGHLIGHTS 

1.  Advanced  monolithic  processing  and  laser  trimmir^  at  the 
wafer  level  have  made  the  AD561  the  most  accurate  10-bir 
converter  available  while  keeping  costs  consistent  with  large 
volume  integrated  circuit  production.  The  AD561K  and  T 
have  1/4LSB  max  relative  accuracy  and  I/2LSB  max  differ¬ 
ential  nonlinearity.  The  low  T.C.  R-2R  ladder  guarantees 
that  all  ADS 61  units  will  be  monotonic  over  the  entire 
operating  temperature  range. 

2.  Digital  system  interfacing  is  simplified  by  the  use  of  a  posi¬ 
tive  true  straight  binary  code.  The  digital  input  voltage 
threshold  is  a  function  of  the  positive  supply  level;  connect- 
ing  Vcc  to  the  digital  logic  supply  automatically  sets  the 
threshold  to  the  proper  level  for  the  logic  family  being  used. 
Logic  sink  current  requirement  is  only  2SpA. 

3.  The  high  speed  current  steering  switches  are  designed  to 
settle  in  less  than  250n$  for  the  worst  case  digital  code 
transition.  This  allows  construction  of  successive-approxi¬ 
mation  A/D  converters  in  the  3  to  5m*  range. 

4.  The  AD561  has  an  output  voltage  compliance  range  from 
-2  to  +10  volts,  thus  allowing  direct  currenc-to-voltagc 
conversion  with  just  an  output  resistor,  omitting  the  op  amp. 
The  40.\in  open  collector  output  impedance  results  in  negli¬ 
gible  errors  due  to  output  leakage  currents. 

5.  Every  AD561  is  subjected  to  long  term  stabilization  bakes 
and  temperature  cycled  ten  times  from  -65°C  to 

prior  to  final  test  to  insure  reliability  and  long-term  stability. 


Information  furnished  by  Ana'eg  Devices  is  believed  to  be  occur**? 
and  reliable.  However,  no  respon*  b.i.ry  is  assumed  by  Analog  Device, 
for  its  usa;  nor  for  any  infringements  of  patents  or  other  rights  o*T  third 
parties  which  may  result  from  its  use  No  license  is  granted  by  implies 
tion  or  otherwise  under  any  patent  or  patent  rights  of  Analog  Devices 


Rout*  1  Industrial  Park;  P.O.  Box  28 0;  Norwood,  Mass.  02062 
Tel :  61 7/3294700  TWX:  710/394-6577 

West  Coast  Mid  West  Texas 

2 13/595  1 783  312/8943300  214/231-5094 
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SPECIFICATIONS 


(T^  -  +25°C,  Vcc  =  +5V,  V,e  =  -15V,  unless  otherwise  specified) 


AD561J 

AD561K 

MODEL 

MIN 

TYP 

MAX  MIN 

TYP  MAX 

UNITS 

RESOLUTION 

10  Bits 

10  Bus 

ACCURACY  (Error  Relative 

±1/4 

±1/2 

±1/8  ±1/4 

LSB 

to  Full  Scale) 

(0025) 

10.05 » 

(0.012)  (0.025. 

%  of  F.S. 

DIFFERENTIAL  NONLINEARITY 

±1/2 

±1/4  ±1/2 

LSB 

DATA  INPUTS 

TTL.  Vcc  «  *5 V 

Bit  ON  Logic  “1” 

♦  2  0 

• 

V 

Bit  OFF  Logic  “0" 

♦0.8 

• 

V 

CMOS.  10V  <  Vcc  <  16.5V 

(See  Figure  !) 

Bi:  ON  Logic  “l" 

70J»  \'cc 

• 

V 

Bit  OFF  Logic  “O" 

50%  vct 

V 

Logic  Current  (Each  Bit)(T.vtLN  ioTmax) 

Bit  ON  Logic  “l” 

♦5 

♦  100 

•  • 

nA 

Bit  OFF  Logic  "0" 

-5 

-25 

•  • 

R A . . 

OUTPUT 

Current 

Unipolar 

15 

2.0 

2  4  ;  ’ 

•  • 

mA 

Bipolar 

±0.75 

±10 

±1.2 

mA 

Resistance  (Exclusive  of 

i 

Application  Resistors* 

40M 

• 

i  n 

Unipolar  Zero  (All  Bits  OFF) 

0.01 

0  05 

,  %  of  F.S 

Capacitance 

25 

• 

.  PF 

Compliance  Voltage 

-2 

-5 

♦  10  j  • 

.  V 

SETTLING  TIME  TO  1/2LSB 

’ 

t 

All  BinON-toOFF  or  OFF  toON 

250 

j 

• 

POWfeR  require.m£nts 

• 

/  *  • 

• 

k  • 

VCC.  ♦A.5VDC  to  *16  5VDC 

« 

10 

•  '  • 

”  mA 

Vee*  -10.8  ro  -16.5VDC 

12 

16  i 

j  mA 

POWER  SUPPLY  GAIN  SENSITIVITY 

1 

V'cc.  -4.5VDC  ro  +  16.5VDC 

2 

10 

•  • 

■  ppm  of  F.S./% 

VEF,  -I0.8VDC  to  -16  5VDC 

4 

25 

•  • 

,  ppm  of  F.S. f% 

TEMPERATURE  RANGE 

t 

Operating 

0  to  *70 

! 

•  • 

*c 

Storage 

-65  to  *150 

C 

TEMPERATURE  COEFFICIENTS 

I 

I 

With  Internal  Reference 

I 

Unipolar  Zero 

1 

10 

1  5 

'  ppm  of  FS/C 

Bipolar  Zero 

2 

20 

2  10 

.  ppm  of  F.S./* C 

Full  Scale 

15 

80 

15  50 

.  ppm  of  F.S./*C 

Differential  Nonlinearity 

2.5 

» 

2.5 

j  ppm  of  F.S./*C 

MONOTONICITY 


PROGRAMMABLE  OUTPUT 
RANGES  (See  Figs.  5,  6) 
CALIBRATION  ACCURACY* 

Full  Scale  Error  with  Fixed  25 12 
Resistor 

Bipolar  Zero  Error  with  Fixed  10*2 
Resistor 

CALIBRATION  ADJUSTMENT 
RANGE 

Full  Scale  (With  50*1  Trimmer) 
Bipolar  Zero  (With  20H  Trimmer) 


’Specifications  same  as  AD5A1J  specs. 
Specifications  subject  to  change  without  notice. 


Guaranteed  over  full 
operating  temp,  range 
0  to  ♦  tO 
-5  to  *5 


Guaranteed  ovei 
operating  temp. 


%  of  F.S. 
%  of  F.S. 
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AD561S 

. ADS61T 

MODEL 

MIN 

TYP 

MAX 

MIN  TYP 

MA 

KF  SOLUTION 

10  Bits 

10  Bits 

ACCURACY  (Error  Relative 

±1/4 

±1/2 

±1/8 

±1// 

to  Full  Scale) 

(0.025) 

(0  05) 

(0.012) 

<0.0 

DIP  FEKENTIAL  NONLINEARITY 

±1/2 

±1/4 

±1/ 

DATA  INPL'TS 

TTL  Vcc  -  *5V 

Bs:  ON  Logic  "|H 

♦2.0 

•  * 

Bn  OFF  Logic  "0” 

*0  8 

•  • 

CMOS.  10V  <  Vcc  <  16.5  V 

fSce  Figure  1) 

B  t  ON  Logic  “1" 

70%  Vcc 

•  • 

Bit  OFF  Logic  “0" 

m  vcc 

•  • 

Logic  Current  (Etch  Bit)(TM*M  to  T max) 

Bit  ON  Logic  "X" 

♦  20 

♦100  j 

•  • 

•• 

Bit  OFF  Logic  "0” 

-25 

-100  ! 

•  • 

•• 

OUTPUT 

Current 

Unipolar 

1.5 

2  0 

2  4 

•  •  •  • 

•  • 

Bipolar 

±0  75 

±1.0 

±1  2 

•  •  •  • 

•  • 

Resistance  (Exclusive  of 

Application  Resistors) 

40M 

•  • 

Unipolar  Zero  (All  Bits  OFF) 

0.01 

0  03 

•  • 

•  • 

Capacitance 

25 

•  • 

Compliance  Voltage 

-2 

-3 

♦  10 

•  •  •  • 

•  • 

SETTLING  TIME  TO  1/ZLSB 

All  BiuON-toOFF  or  OFF-to-ON 

250 

»• 

POWER  REQUIREMENTS  - 

*  —■ 

Vcc.  .4  5VDC  to  +16.5VDC 

8 

10 

•  • 

*• 

VEE.-10.8to-16  JVDC 

II 

16 

•  • 

•  • 

power  supply  gain  sensitivity 

vcc-  ♦4.5VDC  to  +  16  5VDC 

2 

10 

*• 

•  • 

VEE.  -10.8VDC  to  -16.JVDC 

4 

25 

•  • 

•• 

TEMPERATURE  RANGE 

Operating 

-55  to  « 125 

•  • 

•  • 

Storage 

*65  to  *150 

•  • 

•• 

TEMPERATURE  COEFFICIENTS 

With  Internal  Reference 

Unipolar  Zero 

1 

1° 

1 

5 

Bipolar  Zero 

2 

20 

2 

to 

Full  Scale 

IS 

60 

15 

JO 

Differential  Nonlinearity 

2.5 

2  5 

MONOTONICITY 

Guaranteed  over  full 

Guaranteed  over  full 

operating  temp,  range 

operating  temp,  range 

PROGRAMMABLE  OUTPUT 

0  to  *10 

RANGES  (See  Figs  5.6) 

-5  to  *5 

•  * 

CALIBRATION  ACCURACY 

Full  Scale  Error  with  Fixed  ?5f2 

Resistor 

±0.1 

•  • 

Bipolar  Zero  Error  with  Fixed  10ft 

Resistor 

±0.1 

•  • 

CALIBRATION  ADJUSTMENT 

RANGE 

Full  Scale  (With  50ft  Trimmer) 

±0.5 

•  • 

Bipolar  Zero  (With  20ft  Trimmer) 

±0.2 

_ _ 

•  • 

"•Specification!  came  as  ADS61S  specs. 
Specific! bon*  subject  to  change  without  notice. 


DIGITAL  LOGIC  INTERFACE 

All  Standard  positive  supply  logic  families  interface  easily  with 
the  AD561  The  digital  code  is  positive  true  binary  (all  bits 
high,  logic  **1“.  gives  positive  full  scale  output).  The  logic  inpu. 
load  factor  (10On A  max  at  logic  “1”,  -2 A  max  at  logic  "O" 
3pF  capacitance),  is  less  than  one  equivalent  digital  load  for  ati 
logic  families,  including  unbuffered  CMOS.  The  digital  thresh¬ 
old  is  set  internally  as  a  function  of  the  positive  supply,  as 
shown  in  Figure  !  For  most  applications,  connecting  V(f;  to 
the  positive  logic  supply  will  set  the  threshold  at  the  proper 
level  tor  maximum  noise  immunity.  For  nonstandard  applica¬ 
tions.  refer  to  Figure  \  for  threshold  levels.  Uncommitted  bir 
input  lines  will  assume  a  “1"  state  (similar  to  Ti  l.),  but  they 
are  high  impedance  and  subject  to  noise  pickup.  Unused  digital 
inputs  should  be  connected  directly  to  ground  or  V<c.  as 
desired. 


Figure  7.  Digit*!  Threshold  Vs.  Positive  Supply 
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OUTLINE  DIMENSIONS 
Dimensions  shown  in  inches  and  (mm). 


THE  AD56I  OFFERS  TRIE  10  HIT  RESOLUTION  OVER 
FU  LL  T  EM  PE  RAIL  RE  RANG  F. 

ACCURACY;  Ana!  z  Deuces  defines  accuracy  as  the  maxi 
mum  deviation  of  t)  r  actual  adjusted  DAC  output  (see  page  5) 
from  the  idea!  anali  g  i.utput  -  a  straight  line  drawn  from  0  to 
F.S.  -  1I.SB)  for  an;.  b;t  condonation.  The  AD56I  is  laser 
trimmed  to  1/41. SR  o.u25  *f  F  .S.)  maximum  error  at  +25  C 
for  the  K  and  T  vers.or.s  -  1  21  SB  for  the  J  and  S. 

.MONOTONICITY:  A  DAC  is  said  to  be  monotonic  if  the  out¬ 
put  either  increases  <  r  rema  -  >  constant  for  increasing  digiul 
inputs  such  that  the  output  v. ill  always  be  a  single-valued  func¬ 
tion  of  the  input.  A)'  .ersiorj  of  the  AD561  arc  monotonic 
over  their  full  operjt.r.g  temperature  range. 

DIFFERENTIAL  NONLINEARITY:  Monotonic  behavior 
requires  that  the  difrrrenTia!  nonlinearity  error  be  less  than 
1LSB  both  at  +  25°C  and  ove*  the  temperature  range  of  inter¬ 
est.  Differential  nonlinearity  is  the  measure  of  the  variation  in 
analog  value,  normalized  to  full  scale,  associated  with  a  1LSB 
change  in  digital  input  code.  For  example,  for  a  10  volt  full 
scale  output,  a  change  of  1LSB  in  digital  input  code  should 
result  in  a  9.8m  V  change  in  the  analog  output  (1LSB  =  I0V  x 
1/1024  =  9.8mV).  If  »rt  actual  use.  however,  a  ll.SB  change  in 
the  input  code  results  in  a  change  of  only  2.4SmV  (I/4LSB)  in 
analog  output,  the  differentia!  nonlinearity  error  would  be 
7.35m V,  or  3/41.SB  The  ADS 61  K  and  T  have  a  max  differen¬ 
tial  linearity  error  of  I'2LSB 

The  differential  nonlinearity  temperature  coefficient  must  also 
be  considered  if  the  device  is  to  remain  monotonic  over  its  full 
operating  temperature  range  A  differential  nonlinearity  temper¬ 
ature  coefficient  of  2  5ppm  'C  could  under  worst  case  condi¬ 
tions  for  a  temperature  change  of  ♦25  C  to  ♦125  C  add 
0.025%  ( 100  x  2.5ppm/'C  o:  error).  The  resulting  error  could 
then  be  as  much  as  <•  025  •  -  0  025%  =  0.05%  of  F.S.  (I/2LSB 
represents  0.05%  of  F  S.).  To  be  sure  of  accurate  performance 
all  versions  of  the  AD56I  arc  therefore  100%  tested  to  be 
monotonic  over  the  full  operating  temperature  range. 


Figure  2. 


Figure  3.  Ch  p  Bonding  Diagram 
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CONNECTING  THE  AD561  FOR  BUFFERED  VOLTAGE 
OUTPUT 

The  standard  currcnt-to-voltage  conversion  connections  using 
ar  operation*!  amplifier  are  shown  here  with  the  preferred 
trimming  techniques.  If  a  low  offset  operational  amplifier 
(ADS  10.  AD74  It.,  AD301 AL)  is  used,  excellent  performance 
can  he  obtained  in  many  situations  without  trimming.  (A  5mV 
op  amp  offset  is  equivalent  to  1/2I.SB  on  a  10  volt  scale)  If  a 
25H  fixed  resistor  is  substituted  for  the  trimmer,  unipolar 
zero  will  typically  be  within  il/lOLSB  (plus  op  amp  offset), 
and  full  scale  accuracy  wit!  be  within  ±1LSB  Substituting  a 
ion  resistor  for  the  20H  bipolar  offset  trimmer  will  give  a 
bipolar  zero  error  t>  pically  within  ±  1 LSB 
The  ADS 09  is  recommended  for  buffered  voltage-output 
applications  which  require  a  settling  time  to  ‘‘oLSB  of  one 
microsecond.  The  feedback  capacitor  is  shown  with  rhe  opti¬ 
mum  value  for  each  application;  this  capacitor  is  required  to 
compensate  for  the  25picofarad  DAC  output  capacitance. 


FIGURE  5.  UNIPOLAR  CONFIGURATION 

This  configuration  will  provide  a  unipolar  0  to  *10  volt  output 

range. 

STEP  I...  ZERO  ADJUST 

Turn  all  bits  OFF  and  adjust  op  amp  trimmer.  Rj ,  until  the 
output  reads  0.000  volts  (1LSB  =  9.76mV). 

STEP  II...  GAIN  ADJUST 

Turn  all  bits  ON  and  adjust  50Q  gain  trimmer.  R2.  until  the 
output  is  9.990  volts.  (Full  scale  is  adjusted  to  1LSB  less  than 
nominal  full  scale  of  10.000  volts.)  If  a  10.23V'  full  scale  is 
desired  (exactly  lOmWbit),  insert  a  120H  resistor  in  series 
with  R2. 

FIGURE  6.  BIPOLAR  CONFIGURATION 
T  his  configuration  w»U  provide  a  bipolar  output  voltage  from 
-5.000  to  -*-4.990  volts,  with  positive  full  scale  occurring  with 
all  bits  ON  (all  !’$>. 

STEP  I .  ..ZERO  ADJUST 

Turn  ON  MSB  only,  turn  OFF  all  other  bits  Adjust  20H  trim 
mer  Rj.  to  give  0  000  output  volts. 

STEP  II...  GAIN  ADJUST 

Turn  OFF  ali  bits,  adjust  500  gain  trimmer  to  give  a  reading 
of  -5.000  volts. 

Please  note  that  it  is  not  necessary  to  trim  the  op  amp  to  ob¬ 
tain  full  accuracy  at  room  temperature.  In  most  bipolar  situa¬ 
tions,  the  op  amp  trimmer  is  unnecessary  unless  the  untrimmed 
offset  drift  of  the  op  amp  is  excessive. 
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Figure  A. 
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Figure  5.  0  to  *  10V  Unipolar  Voltage  Output 


FIGURE  7.  ±10  VOLT  BUFFERED  BIPOLAR  OUTPUT 
The  AD561  can  also  be  connected  for  a  ±10  volt  bipolar  range 
with  an  additional  external  resistor  as  shown  in  Figure  7  A 
larger  value  trimmer  is  required  to  compensate  for  tolerance  in 
the  thin  film  resistors  (which  arc  tnmmeJ  to  match  the  full 
scale  current)  For  best  full  scale  temperature  coefficient  per 
fnrmance,  the  external  resistors  should  have  a  1  C.  of-50ppm/  C 
For  application  requiring  optimum  performance,  a  ±  10  volt 
bonding  oprn*n  is  available  on  special  orJer 


CIRCUIT  DESCRIPTION 

A  simplified  schematic  with  the  essentia.  features  of  the 

AD561  is  shown  in  Figure  8.  The  voyage  reference,  CK1,  js  a 
buried  zener  (or  subsurface  brcakdnw  r.  d  ■■  ;e»  'l  his  device  ex¬ 
hibits  far  better  all  around  performance  ;T.  the  NPN  base- 
emitter  reverse-breakdown  diode  (surface  zener),  which  is  in 
nearly  universal  use  in  integrated  circuit'  as  a  voltage  reference. 
Greatly  improved  long  term  stability  and  lo.ver  noise  are  the 
major  benefits  the  buried  zener  derives  tr  >m  ;s  jilting  the 
breakdown  point  from  surface  stress  and  tt.'Ak'.c  oxide  charge 
effects.  The  nominal  7.5  volt  device  (inci-d.rz  temperature 
compensation  circuitry)  is  driven  b>  a  current  source  to  the 
negative  supply  so  that  the  positive  supp.%  c*n  be  allowed  to 
go  as  low  as  4.5  volts  The  temperature  c  :  efficient  of  each 
diode  is  determined  individually;  thisdati  :s  then  used  to  laser 
trim  a  compensating  circuit  to  balance  ir.t  overall  T.C  to  zero. 
The  typical  revolting  T.C.  is  0  to  t 15ppn  'C 
The  regime  reference  level  is  inverted  ar  i  scaled  by  Aj  rogive 
a  +2.5  volt  reference  (which  can  be  driver,  by  the  low  positive 
supply  V  The  AD561,  packaged  in  the  16-pm  DIP,  has  the  +2.5 
volt  reference  (REF  OUT)  connected  directly  to  the  input  of 
the  control  amplifier  (REF  IV).  The  buffered  reference  is  not 
directly  available  externally  except  through  the  2.5 kfi  bipolar 
offset  resistor;  i:  can  still  be  used  as  a  voltize  reference  as 
shown  below  in  Figure  9. 

The  2.5kf!  scaling  resistor  and  control  amplifier  A*  then  force 
a  ImA  reference  current  to  flow  through  reference  transistor 


Ql,  which  has  a  relative  emitter  ^rea  of  BA.  This  is  accom¬ 
plished  by  forcing  the  bottom  of  the  ladder  lo  the  proper  voltage. 
Since  Qj  and  have  equal  err.; tier  areas  and  have  equal  5kf2 

emitter  resistors,  Qj  also  carries  imA  The  ladder  voltage  drop 
constrains  Q7  (with  area  4A)  u  carry  only  O.SmA;  Q#  carries 
0.25mA,  etc. 


The  first  four  significant  bit  cc”>  are  scaled  exactly  in  emitter 
area  to  match  Qj  for  optimum  V^e  and  Vgj.;  drift  march,  as 
well  as  for  beta  match.  These  effects  are  insignificant  for  the 
lower  order  bits,  which  accoun:  for  a  total  of  only  1/16  of  full 
scale.  However,  the  18mV  Vgj  c.i’ference  between  two 
matched  transistors  carrying  err..: ter  currents  in  a  ratio  of  2;  1 
must  be  corrected.  This  is  done  y  forcing  120/iA  through  the 
1500  interbase  resistors.  These  resistors  and  the  R-2R  ladder 
resistors  are  actively  laser-trim  red  at  the  wafer  level  to  bring 
total  device  accuracy  to  better  than  ’.«LSB.  Sufficient  ratio 
accuracy  in  the  last  two  bits  is  obtained  by  simple  emitter  area 
ratio  such  that  it  is  unnecessary  :  j  use  additional  area  for 
ladder  resistors.  The  current  in  <Ti6  it  added  to  the  ladder  to 
balance  it  properly  but  is  not  switched  to  the  output;  thus  full 
scale  is  1023/1024  x  2mA. 

The  switching  cell  of  Qj,  Q4,  Q;  and  Qa  serves  to  steer  the 
cell  current  either  to  ground  (Bill  low)  or  lo  the  DAC  output 
(BIT  1  high).  The  entire  switch -g  cell  carries  the  same  current 
whether  the  bit  is  on  or  off,  thus  minimizing  thermal  transients 
and  ground  current  errors.  The  'gic  threshold,  which  isgener- 
a  red  from  the  positive  supply  (see  Digital  Logic  Interface)  is 
applied  to  one  side  of  each  cell 


Figure  8.  Circuit  Diagram  Showing  Reference ,  Control  Amplifier,  Switching  Cell.  R-2R  Ladder t  e^d  Bit  Arrangement  of  AD561 


PRECISION  LOW-NOISE  REFERENCE 
The  precision  reference  of  the  AD561  can  be  brought  out 
xparately  from  the  DAC  to  serve  as  a  mister  system  reference. 
Since  the  reference  is  connected  through  the  2.5kf2  bipolar 
offset  resistor,  it  must  be  buffered  externally,  as  shown  here 
in  Figure  9.  The  DAC  section  can  still  be  operated  indepen¬ 
dently  in  a  unipolar  mode,  but  internal  thermal  and  ground 
loop  effects  will  create  crosstalk  of  abou:  0.01%  with  an  ideal 
ground.  The  long  term  stability  of  this  reference  will  be  espec¬ 
ially  good,  ty  pically  ±0.01%  per  year  or  better.  If  the  filter 
capacitor,  C  is  not  used,  wideband  outp-:  noise  will  be  about 
120ppm  p*p  (1.2mV  pp  for  10  volts).  If  C  :s  4.7pF,  wideband 
noise  will  be  about  25pV  p-p  (10  volts  cut  *  and  1 5#lV  p-p  from 
0.1  to  10Hz. 


•w 


Figure  9.  Precision  (Jlr$  Lo.v  Noise  Reference 


SETTLING  TIME 

The  high  speed  NI*N  current  steering  switching  cell  and  inter¬ 
nally  compensated  reference  amplifier  of  the  AD561  are  speci¬ 
fically  designed  for  fast  settling  operation  The  :v  p:cal  settling 
time  to  ±0.05%  (%LSB)  for  the  worst  case  transition  (major 
carry.  0111111111  to  1000000000)  is  !c»  than  250ns.  the 
lower  order  bits  all  settle  in  less  than  200ns.  (Worst  case  settling 
occurs  when  all  bits  are  switched,  especially  the  MSB.)  But  full 
realization  of  this  high  speed  performance  requires  strict  atten 
tion  to  derail  by  the  user  in  all  areas  of  application  anJ  testing 

The  settling  time  for  the  AD561  is  specified  in  terms  of  the 
current  output,  an  inherently  high  speed  DAC  operating  mode. 
However,  most  DAC  applications  require  a  current-to-voltage 
conversion  at  some  point  in  the  signal  path,  although  an  un¬ 
buffered  voltage  level  (not  using  an  op  amp)  is  suitable  for  use 
in  a  successive-approximation  A/D  converter  (see  page  S).  or 
in  mar.v  display  applications.  This  form  of  conversion  can  give 
very  fast  operation  if  proper  design  and  layout  is  done  The 
fastest  voltage  conversion  is  achieved  by  connecting  a  low  value 
resistor  directly  to  the  output,  as  shown  in  Figure  1 2.  In  this 
case,  the  settling  time  is  primarily  determined  by  the  cell 
switching  time  and  by  the  RC  time  constant  of  the  AD561  out 
put  capacitance  of  25  picofarads  (plus  stray  capacitance)  com¬ 
bined  with  the  output  resistor  value.  Settling  to  0.05%  of  full 
scale  'far  a  full  scale  transition)  requires  7.6  time  constants 
This  effect  is  important  for  R  >  lkft 

If  an  op  amp  must  be  used  to  provide  a  low  impedance  output 
signal,  some  loss  in  settling  time  will  be  seen  due  to  op  amp 
dynamics.  The  normal  current-to-voltage  converter  op  amp  cir¬ 
cuits  are  shown  in  the  applications  circuits  on  page  5  using  the 
fast  settling  AD509.  The  circuits  shown  settle  to  ±'.5USB  in 
600ns  unipolar  and  l-lps  bipolar.  The  DAC  output  capacitance 
which  acts  as  a  stray  capacitance  at  the  op  amp  inverting  inpur, 
must  be  compensated  by  a  feedback  capacitor,  as  shown.  The 
value  should  be  chosen  carefully  for  each  application  and  each 
op  amp  type. 

Fastest  operation  will  be  obtained  by  minimizing  lead  lengths, 
stray  capacitance  and  impedance  levels  Both  supplies  should 
be  bypassed  near  the  devices;  O.lpK  will  be  sufficient  since  the 
AD561  runs  a;  constant  supply  current  regardless  of  input  code. 

POWER  SUPPLY  SELECTION 

The  AD561  will  operate  over  a  wide  range  of  power  supply 
voltages,  with  a  total  supply  from  15.3  to  33  volts  Symmet¬ 
rical  supplies  are  not  required,  and  in  many  applications  not 
recommended.  Maximum  allowable  supplies  are  ±16  5  V. 

The  positive  supply  level  determines  the  digital  threshold  level, 
as  explained  on  page  4  and  shown  in  Figure  1.  It  is  therefore 
recommended  that  V^c  be  connected  directly  to  the  digital 
supply  for  best  threshold  match. 

Positive  output  voltage  compliance  range  is  unaffecrcd  bv  rhe 
positive  supply  level  because  of  the  open  collector  output 
stage  desig...  thus  the  full  *10  volt  compliance  is  available  even 
with  a  *5  volt  V^c  level.  Power  supply  reject ».>i.  is  excellent, 
so  that  digital  supply  noise  will  not  be  reflected  to  the  output 
but  use  of  a  0. 1 pF  bypass  capacitor  near  the  \U56 1  is  recom¬ 
mended  for  decoupling. 

The  nominal  negative  supply  level  is  -15  volts,  with  an  allow 
able  range  of  -lO.ft  to  -16.5  volts.  The  ncgali-.s  supply  level 
affects  the  negative  compliance  range,  as  shown  in  figure  10 
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OUTPUT  VOLTAGE  COMPLIANCE 

The  \D56I  has  a  typical  output  cw.t:  ‘.ir.ee  range  from  -3  to 
♦  10  volts.  The  output  current  is  unaf:*c-*.ed  by  changes  in  the 
output  terminal  voltage  over  that  range  T  his  results  from  the 
use  of  open  collector  output  switching  jtiges  in  a  case  ode  con¬ 
figuration,  and  gives  an  output  imped »*ce  of  4oMfl.  Positive 
compliance  range  is  limited  only  by  c;  ,;c:ur  breakdown  (and 
is  independent  of  positive  supply  levt  .  but  the  negative  range 
is  limited  by  the  required  bias  levels  ar  i  roistor  ladder  voltage. 
Negative  compliance  varies  with  nega:  .  r  supply,  as  shown  in 
Figure  10  The  compliance  range  is  g-.irar.teed  to  be  -2  to  ♦TO 
volts  with  VEF  s  -15  volts. 
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Figure  10  Typical  Negative  Comply  ~ce  Range  Vs.  Negative 
Supply. 

DIRECT  UNBUFFERED  VOLTAGE  OUTPUT 
The  wide  compliance  range  allows  direct  current-to-voltage  con¬ 
version  with  just  an  output  resistor.  F  gure  1  shows  a  connec¬ 
tion  using  the  gain  and  bipolar  output  resistors  to  give  a  ±1.66 
volt  bipolar  swing.  In  this  situation,  ire  digital  code  is  comple¬ 
mentary  binary.  Other  combinations  ::  internal  and  external 
output  resistors  (Rx)  can  be  used  to  scale  to  alternate  voltage 
ranges,  simply  by  appropriately  scaling  the  0  to  -2mA  unipolar 
output  current  and  using  the  2.5  volt  reference  voltage  for 
bipolar  offset.  For  example,  setting  Rx  *  2.5kfl  gives  a  ±1 
volt  range  with  a  lkfi  equivalent  output  impedance.  A  0  to 
♦  10  volt  output  can  be  obtained  by  connecting  the  Skftgain 
resistor  to  9.99  volts;  again  the  digitai  code  is  complementary 
binary. 


Figure  1 1  Unbuffered  Bipc  Voltage  Output 
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HIGH  SPEED  10-Bir  A/D  CONVERTERS 
The  fast  settling  characterises  uf  the  AD561  make  it  ideal  fur 
high  speed  successive  approximation  AM)  converters.  I  he  inter¬ 
nal  reference  and  trimmed  application  resistors  allow  a  10  bit 
converter  system  to  be  constructed  with  a  minimum  parts  count 
Shown  here  is  a  configuration  using  standard  components,  this 
system  completes  a  full  10-bit  emersion  in  5.5/js  unipolar  nr 
12ms  bipolar  This  converter  w  ill  be  tccurate  to  il/2LSB  oi  10 
bits  and  have  a  typical  gain  T  C.  of  10ppm/°C. 

In  the  unipolar  mode,  the  system  range  is  0  to  9.99  volts,  with 
each  bit  having  a  wlae  of  9 .76mV.  '  or  true  conversion  accu¬ 
racy,  an  A  D  converter  sl-*y|d  be  tr.mmed  so  that  a  given  bit 
code  output  results  fr.  r-  -put  Icveis  from  1/2  LSB  btT»u  to 
1/2LSB  above  the  cv.  :  •. .  l:agc  wh.ch  that  code  represents. 
Therefore,  the  converter ,'e.o  p<--:nt  should  be  trimmed  with  an 
input  voltage  of  *4  cmV.  .rim  P.j  until  the  LSB  just  begins  to 
appear  in  the  output  code  fail  other  hies  “0  ").  For  full  scale, 
use  an  input  vo’tage  of -9.9935  volts  (10  volts  -  1LSB  1/21. SB), 
then  trim  R*  again  ur.ti!  the  LSB  just  begins  to  appear  (all 
other  bits  ‘"l”). 


Full  Scale  is  set  by  applying  -4.995  volts  and  trimming  |(2  for 
the  1  SB  *'.•  »  Tj  .n  (all  other  bits  “U”)  /n  num  applications, 
the  pretr  rr.r-.cd  application  resistors  arc  sufficiently  accurate 
that  extern  -.1  tr.mmcrs  w  ill  be  unnecessary,  especially  in  situa¬ 
tions  roquir.  g  less  than  full  10  bn  i  Vi  LSB  accuracy. 

For  fasts-.:  operation,  the  impedance  at  the  comparator  sum¬ 
ming  ihc..  r~  ;s*  be  minimized,  as  mentioned  in  the  section  on 
settling  tmic  However,  lowering  the  impedance  will  reduce  the 
voltage  v  enal  to  the  comparator  (at  an  equivalent  impedance 
of  Ikfl  11. Sp,  =  2mV)  to  the  point  that  comparator  perfor¬ 
mance  v.  ;  be  sacrificed  A  1  k!2  resistor  is  the  optimum  value 
for  this  application  for  10-Sit  accuracy.  The  chart  shown  in  the 
figure  pi'  -i  tuc  speed  of  the  ADC  for  t 1/21. SB  accuracy  (and 
n<»  missii.g  *  'csi  fur  6,  8  and  10  bit  resolution. 

A  much  '  *er  converter  can  be  constructed  by  using  higher 
pertonn-s-.^c  external  components.  Each  individual  high  order 
bit  settle*  ir.  'css  than  250ns,  the  low -order  bits  less  than  200ns. 
Because  c-f  th  v.  *  staged  v.b»ck  w  hich  speeds  up  for  lower  bits 
will  improve  the  speed.  Also,  a  faster  comparator  and  Schottky 
TTL  or  fcCL  logic  would  be  necessary.  10-bit  converters  in  the 


The  bipo.a:  signai  rarge  ;s  -5.0  to  *4.99  volts.  Bipolar  offset  3  to  5/is  r»:  ge  could  be  built  around  the  AD561  with  these 

trimming  is  done  by  applying  a  *4.9mV  input  signal  and  trim-  technique-. 

ming  Rj  for  the  LSB  transition  (MSB  “1",  all  other  bits  “0”).  « 


Figure  12.  Fast  Precision  Analog  to  Digital  Converter 


DIGITAL  4  TO  20mA  OR  l  TO  5  VOLT  CONVERTER 
A  direct  digital  4  to  20mA  or  1  to  5  volt  line  driver  can  be 
built  with  the  AD561  as  shown  in  Figure  13.  The  2.5  volt 
reference  is  divided  to  provide  1  volt  at  the  op  amp  non- 
inverting  input  —  thus  a  aero  input  code  results  in  a  1  volt  out 
put  at  the  Darlington  emitter  (Vqut)-  The  2k  feedback  rcsis 
tance  converts  the  nominal  2mA  (£20%)  full  scale  output  from 
the  AD561  to  4  volts,  for  a  total  output  of  5  volts  F.S.  The 
voltage  at  the  emitter  forces  a  proportional  current  through 
the  250H  /which  appears  at  the  collector  as  Iqut)  The 
AD561  current  is  added  ro  the  4-20mA  line;  thus  5  volts  full 
scale  gives  22mA  in  the  current  loop.  For  exactly  20mA,  trim 
the  Ik  pot  for  4.5V  F.S.  (A  single  op  amp  circuit  will  nor  pro¬ 
duce  both  1  to  5  volt  anj  4  to  20mA  outputs  simultaneously.) 


DIGITALLY  PROGRAMMABLE  SETPOINT  COMPARATOR 
Figure  14  demonstrates  a  high  accuracy  systems  oriented  set- 
point  comparator.  The  2.5  volt  reference  is  buffered  and  ampli¬ 
fied  b>  t*ic  AD741K  to  produce  an  exact  10.000  volt  reference 
which  c<  aid  be  used  as  a  primary  system  reference  for  several 
such  circuits  The  *10  volt  compliance  of  the  AD561  then 
allows  i :  to  generate  a  zero  to  +10  volt  output  sw'ing  through 
the  5k!2  application  resistor  without  an  additional  op  amp.  The 
digital  csdc  for  this  system  will  be  complementary  binary  (all 
Vs  give  v  U0  volts  out). 


Figure  13.  Digital  4  to  20mA  or  1  to  5  Volt  Line  Driver 


Figur -  i  l  Digitally  Programmable  Set  Point  Comparator 
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Operational  Amplifiers 


LM108A/LM208A/LM308A  operational  amplifier 
general  description 


Th«  LMI08A,  LM203A  and  LM303A  art  pr«c<von 
operational  amplifiers  having  specifications  eOout 
«  factor  pf  ttn  better  than  FET  amplifiers  o vtr 
thtir  operating  temperature  range.  In  addition  to 
low  input  currents,  these  devices  have  extremely 
low  offset  voltage,  making  it  possible  to  eliminate 
off  sat  adjustments,  in  most  casts,  and  ob  am 
performance  approaching  chopper  stabilized 
amplifier*. 

The  devices  operate  with  supply  voltages  from 
±2V  to  t20V  and  have  sufficient  supply  reject. on 
to  use  unregulated  supplies.  Although  the  circuit  is 
interchangeable  with  and  uses  the  same  compensa¬ 
tion  as  the  IM101A,  an  alternate  compensation 
scheme  can  be  used  to  make  it  particularly  insensi¬ 
tive  to  power  supply  noise  and  to  make  supply 
bypass  capacitors  unnecessary.  Outstanding  char¬ 
acteristics  include: 

•  Offset  voltage  guaranteed  less  than  0.5  mV 

•  Maximum  input  bias  current  of  3.0  nA  over 
temperature 


•  Offset  current  less  than  400  pA  over  tempera¬ 
ture 

■  Supply  currant  of  only  300 p A,  even  in 
saturation 

■  Guaranteed  5  fj V/° C  drift. 

The  low  current  error  of  the  LM 103A  series  makes 
possible  many  designs  that  are  not  practical  with 
conventional  amplifier*  In  fact,  it  operates  from 
10  MR  source  resistances,  introducing  less  error 
than  devices  like  the  709  with  10  k ft  sources.  Inte¬ 
grators  with  drifts  less  than  500  p  V/sec  and  analog 
time  delays  in  excess  of  one  hour  can  be  made 
using  capacitors  no  larger  than  1  pf . 

The  LM208A  is  identical  to  the  IM108A,  except 
that  the  UM208A  has  its  performance  guaranteed 
over  a  -25* C  to  85*C  temperature  range,  instead 
of  -55* C  to  125*C.  The  LM308A  has  slightly- 
relaxed  specifications  and  has  its  performance 
^jaranteed  over  a  0*C  to  70’C  temperature  range. 


connection  diagrams  * 

Mmca 


Onto*  Number  t.  Ml  08  AH  er 
1M300AH  er  LM308AM 
SeePedMfe  If 


ac  r — : 

amam] 

•l*w)C= 

nB, 

■rrCZ 

•md: 

~#eae tZZZ 

•_  *J 

OuaMn-Une 


Ordar  Number  LM308AN 
See  Package  20 


schematic  diagram  * 


Order  Number  LMI08AP  or 
LM2CIAF  or  LM308AF 
See  Pack  rye  3 


LM108A/LM208A 
absolute  maximum  ratings 


Supo‘y  Vo!t43« 

Power  Diisipitton  (Not*  It 
Differential  Input  Current  (Not*  2) 

Input  Voltage  (Not*  3) 

Output  Short  C<rcuit  Duration 
Operating  T ernparatur*  Rang*  UM 1 08 A 
LM208A 

Store;*  Temperature  Rang* 

-Lead  Temperature  (Soldering.  10  sac) 

electrical  characteristics  (Not*  o 


120V 
500  mVi 
110mA 
115V 
Indefinite 
-5SsC  to  125*C 
-25SC  to  85*0 
-65'C  to  150°C 
300*  C 


PARAMETER 


Input  Offset  Voltes* 
Inou*  Offset  Current 
input  Bias  Current 
Input  Resistance 
5uppi»  Current 
Lars*  S-gnaf  Voltage  Gain 


Input  Of4***  Voltage 

Avs'age  Temperature 
Co«9*iCt«nt  of  Input 
Offset  Voltage 

Input  Offset  Current 

Avrag*  Temperature 
Coefficient  of  Input 
Offset  Current 

Input  8>as  Current 

Supply  Current 

Large  Signal  Voltage  Gain 


Output  Voltage  Swing 

Input  Voltage  Range 

Common  f/od#  Rejection 
Ratio 

Supply  Voltage  Rejection 
Ratio 


CONDITIONS 


Ta  «  25'C 
T*  *  25*  C 
Ta  *  25’ C 
Ta  »  25’C 
Ta  •  25’C 

TA  *25*C.  V,  > -I5V 
VOUT-t10V.  RL>10kSl 


TA  -  *125’C 

V,  -  J15V.  VOUT  •  -10V 

RA>  10  kSI 

Vs  •  S15V.  Rt  -  10  kll 


compensation  circuits 

Sand*rd  Comp««iulion  Ci*cu>t 


Alternate*  Frequency  Compensation 


n-; 

SIM  nrtri  *•»“>'  U  M 


Net*  t:  Th*  nmmum  junction  temperature  of  the  LM103A  is  150  C.  while  that  of  the  LM203A  is 
100  C.  For  operating  *t  elevated  temperatures,  devees  in  the  T^-5  package  must  be  derated  based  on 
•  thermal  rnnirct  of  150  C/W.  junction  to  ambient.  or  *5  C'W.  junction  to  case  For  the  fiat 
package.  |h*  derating  »  based  on  a  thermal  resistance  of  IBS  C'Yr  A*en  mounted  on  a  If  16-»«eh  thick 
•po«y  glass  board  with  ten,  0  03-mchvr.de,  2  Ounce  copper  conductors  The  thermal  resistance  of  the 
duai-m-ime  package  is  100  CfW,  junction  to  amb-ent 

Not*  2:  Th*  inputs  art  shyntad  w»th  back  to-back  dod»i  fo'  ove-vo’teg*  protection  Therefore, 
axceis  vt  currant  will  flow  if  a  d-fferenfiai  input  vo'tage  m  excess  of  tv  is  app»  ed  between  the  inputs 
unitss  some  limiting  resistance  n  used 

Not*  3:  For  supply  voltages  less  than  115V,  tM  absolute  m»i  m.m  input  voltage  is  eoua*  to  the 
swpp'v  vo'tage 

Not*  4  These  specifications  apply  for  15V  <  Vj  <  120V  and  -$S*C  <  TA  ^  125®C.  unless  other 
wist  specified.  With  the  LV203A.  however.  a'l  t«mpere*ure  sp*cificat-on»  *re  limited  to 

-»  c<rA  <»s’c. 
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LM108A/LM208A/LM308A 


LM308A 

absolute  maximum  ratings 

Supply  Voltes 

518V 

Po**r  Diuip*tio«  INott  11 

500  mW 

Differential  Input  Current  {Not*  2) 

110  mA 

Input  Voltafi*  INot*  3) 

115V 

Output  S*ort  Circuit  Duration 

Indafinitt 

Operating  Temperature  Rang* 

0*C  to  70*C 

Sror«9«  Temperature  Rang# 

-65*C  to  150*C 

L«ad  Temperature  {Soldering.  10  seel 

200' C 

electrical  characteristics  (Not*  <i 

parameter 


Input  Olftot  Vologo 
Input  OlltM  Currant 
Input  I'M  Currant 
Input  Rgaisunco 
Supply  Currant 
Larga  Signal  Voluga  Gain 

Input  OHtat  Voluga 

Aaaraga  Tantparatura 
CoaHiciam  ••  Input 
Offm  Vottaga 

Input  Off  tat  Currant 

*  Avorago  Tamparalura 
Coaff  Icign:  s<  Input 
Ofhat  Currant 

Input  Biat  Currant 

larga  Signal  Voltaga  Gain 

Output  Voltaga  Swing 

Input  Voltaga  Rang* 

Common  Mode  Reaction 
Ratio 

Supply  Voiliga  Rtjaetion 
Ratio 


CONDITIONS 


T*  •  JS'C 
Ta  -  25*C 
T*  -  2S*C 
T*  •  2S*C 

T*  -  2S*C.  V,  -  11SV 

T»  -  2S"C,  V,  -  11SV 
Vout*t10V.RuS  10  in 


V* »  11SV,  Vout  "MOV 

R,.  2 10  an 

V» -115V.fi,  -  10  kfl 

Vi>mv 


Nata  is  Tha  tnaaimum  junction  tamparaturt  of  tna  LM300A  n  it  C  Far  opening  al  ricvaia^  tana, 
paraturaa,  dawn  in  tlia  TJ-5  package  mull  Oa  derated  baud  o«  a  tnermat  reiiMtnee  of  150  CAN, 
junction  n  ambient,  or  <J  CAN.  junction  to  rnr  Poe  tfr*  flat  package,  tike  dartimg  it  batad  on  a 
tbarmal  rnitience  o'  1(5  CAN  tktian  mounted  on  o  1/16- inch-truck  epoey  giaci  board  twin  tan, 
O.O^mcn-ymda,  femur  cooper  conducted,  Tna  tharmal  rauttanca  of  tfra  duai-ir-ima  package  la 
tOO  CAN.  junction  ta  amoiant. 

Natal:  Tna  inpun  tea  ihuntad  eeitfi  back  tobeck  do  lit  tor  overvoltage  preiaciibn.  TMrafaaa, 
aecactiat  currant  will  How  if  a  dilfartnt.ai  input  voltage  in  gaettt  of  IV  it  apgiiad  bttwaan  tna  Inpun 
unfeta  toma  liiruiing  rat  >n*«oa  h  uaad. 

Nota  >;  for  tupohr  eoltagn  Iru  tnan  IISV.  tna  abtoluta  maaimum  Input  ecttaga  it  apuai  la  tba 
tuopfy  eo/raga. 

Nota  4:  Tnata  tpac.ttatnnt  apply  for  S5V  <  Vg<ti5V  and  0*C  <TA<T0*C.  union  otlianafaa 
tpacifiad.  ~  “  “ 


LM741/7- 


u 
5 


absolute  maximum  ratings 


Woe**  *»■*»*  turn 

ivwtc 

»n  D-sk.a-i'O**  *•«»*  ti 
CMh*w»  M  :*o*'  »  2Mr>» 

I'M**. ;  Va«r»*e  *»«■*  I' 

Sr«n  C  tK»w 
Om'*>'*|  Tr^teiVt  A<*|i  IU/4I 
IMMIC 

Suvrq*  T*-*^*1.4*  »rji 

Imc  Tf-j-r.’t  lOuc* 


t|Jv 

?»•*/ 

SOO«e 

?30V 

•ISV 

-SS  C  fa  ilVC 
0  C  w?0C 
-UC'»IWC 

JW  c 


electrical  characteristics  ino»  3) 


IMMtC 

Mi*t 

t  r» 

use 

Mir* 

TW 

Mai 

Inavt  0»’»n  Veuayt 

Tt«li’C.  *,<  lOelt 

to 

S3 

10 

to 

mV 

Irput  C«v*  Cvnt 

7*  •  2%*C 

10 

rr. 

» 

100 

aA 

InpuT  leOin 

i,  •  We 

100 

200 

soo 

aA 

i"tfc-t  lacan 

rs  •  »’c 

0) 

10 

03 

Id 

MO 

S-o®*v  C-rem 

T„  -WC.  »,*!«V 

t  7 

It 

»  V 

H 

<nA 

Cage  Syu  Veuage  Cm 

T*  •JVC.  Vj  •  tISV 
^ou  r  •  t  *0v.  at  >  J  %!.* 

so 

l«c 

» 

ICO 

VM*V 

|-W<  ?•»  Vender 

a,  <  10  hQ 

•• 

is 

mv 

i"Owi  Other  Cv*e"t 

SCO 

100 

aA 

lr«.i  faCnat 

IS 

00 

aA 

Uaa*  vMuvi  G*w» 

vt*  MJV.  V,^T  •  rIOV 

n 

IS 

V/*«V 

OvOut  Vertew  W*ng 

Vt*HSV.  afc  •  10*11 

TI7 

•ta 

*11 

*14 

V 

"*•2*0 

tto 

til 

tto 

til 

V 

imit«ia«vy 

v,«  ;t»v 

til 

til 

V 

O^iee 
h  !  hWW 

V»t  <  loan 

VO 

SO 

VO 

to 

at 

kaw  Vereyi 
•erte*  »i-e 

Ns<t0blf 

vv 

ta 

7V 

tc 

40 

Net*  I:  The  ir»«.mum  junction  temperature  of  the  IM741  n  150’C.  to***1#  that  of  tht  LM74tC  if 
100*C.  For  operating  at  e'evattd  temperatures.  devices  in  the  TO-5  package  mutt  be  derated  bated  on 
a  thermal  resistance  of  150*C/W.  junction  to  caw. 

Not*  2:  For  a*pply  voltages  fate  than  t15V.  the  absolute  maximum  -np^t  voltage  if  equal  to  the 
■uppfy  vo^oga. 

Note  3:  These  speofi  cation*  apply  for  Vj  •  tISV  and  -5S*C  <  7fi  <  125*C.  unleta  otherwise 
^ac'f*ad.  Vf»^i  d*eLM74lC.  however,  a»  sped fi cation*  are  limned  to  C*C  <~T^  <  70*0  and  V$»t15V. 
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